FAIRCHILD 

A Schlumberger Company 



F9443 

Floating-Point Processor 



Advance Product Information 



Microprocessor Product 



Description 

The F9443 Floating-Point Processor is designed to 
provide enhancement to the numeric capabilities of 
16-bit microprocessors by providing a set of floating- 
point instructions. It can interface with the F9445, F9450 
or any other standard 16-bit microprocessor, and it uses 
the microprocessor memory to directly fetch the required 
operands. It has eight general-purpose registers on-chip 
and supports all the basic functions with on-chip 
microcode. Use of additional off-chip microcode read- 
only memories (ROMs) provides extended capabilities. 
Figure 1 is a block diagram of the F9443. 

Circuit Description 

The F9443 includes special hardware to provide fast 
algorithms for the basic functions. This hardware 
includes full-carry look-ahead for add and subtract 
(ADD/SUB) functions, recoding logic for multiply and 
square root functions, and partial-remainder-prediction 
logic for divide functions. An advanced control scheme 
provides a 2-level microcode/nanocode control with off- 
chip microcode expansion. The off-chip microcode can 
be programmable ROM (PROM) or random-access 
memory (RAM), with easy expansion for fast 
implementation of user algorithms. 

Operation of the F9443 can proceed in parallel with the 
host processor to maximize throughput. Multiple F9443s 
can be connected to the host processor for array 
processing or other high-speed applications. 



Full IEEE SP D DX Floating-Point Standard Support 

(80 Bits) 

Fast Algorithms for Add, Subtract, Multiply, Square 

Root, and Divide Functions 

Support for Full Set of Trigonometric Exponential and 

Logarithmic Functions 

Expandable Instruction Set That Can Include Macro 

Operations (e.g., Vector rotate, Fourier Transform, 

Array and Matrix Applications) 

User-Alterable Microcode for User Functions 

Support of Integer Decimal and Logical Functions 

Standard 64-Pin Package 

|3|_® High Speed Bipolar Logic 

Low-Power Schottky-Compatible I/O 

Very Fast Execution Times 

interface to Any 16-Bit Microprocessor 



Figure 1 9443 Block Diagram 
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Description 

The Fairchild F9444 programmable Memory Management 
and Protection Unit (MMPU) is designed to support 
complex multi-user and large single-user environments. 
With four F93422 bipolar static random-access memories 
(RAMs) serving as map memory, the F9444 expands the 
physical address space of the F9445 16-bit 
microprocessor to 2M words by performing logical-to- 
physical address translation. That is, the six most 
significant bits (MSBs) of the logical address are 
translated into 11 physical address bits, leaving the 10 
least significant bits (LSBs) of the logical address 
unchanged. The memory thus consists of 21 bits (10 LSB 
and 11 MSB), or 4 megabytes. System integrity is 
maintained by access protection bits associated with 
each page. Any violation causes non-maskable interrupt 
to the F9445 central processing unit. Page-written (PW) 
and page-referenced (PR) bits permit the implementation 
of demand-paging algorithms. Figure 1 is a functional 
diagram of the MMPU. 



Connection Diagram 



Standard Input/Output (I/O) Instruction Format 

Ability to Implement Demand-Paged Virtual Memory 

System 

Ability to Access Up to 2M Words of Memory 

2K Pages, With 1K Words for Each Page 

Memory Expansion Through Mapping and Demand 

Paging 

Controls for Memory Mapping 

Separate RAMs for Storing Maps 

Access and I/O Protection to Maintain System 

Integrity 

Special Status Bits for Read/Write Protection, 

Demand Paging, and I/O Protection 

Support for Two User and Two Data Channel Maps 

Low-Power Schottky-Compatible I/O 

Single + 5 V Power Supply 

64 Pin Dual-in-Line Package (DIP) 

l 3 L® Technology 
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Maps 

The MMPU allows two user maps and two data channel 
maps to reside in map memory. Each data channel map 
contains 32 1K-word pages and each user map either 32 
or 64 1K-word pages that can be relocated anywhere in 
memory. The two user maps and two data channel maps 
function independently. Only one user map can be 



enabled at a time, but both data channel maps are 
enabled at the same time. The supervisor determines 
whether the mapping of program address and data 
channel address are to be enabled at the same time. If 
either user mapping or data channel mapping is 
disabled, the physical address space for that function is 
equal to the logical address space and only the lowest 
64K words can be accessed. 



Signal Functions 



Figure 1 F9444 Functional Diagram 
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Description 

The F9445 is a 16-bit microprocessor implemented using 
Fairchild's Isoplanar Integrated Injection Logic (l 3 L®) 
technology. This bipolar technology and a sophisticated 
pipeline architecture combine to give the F9445 very fast 
execution times. The processor has eight program- 
accessible registers and the capability of directly addres- 
sing 128K bytes (64K words) of memory. Up to 4M bytes of 
physical memory may be accessed using the F9444 mem- 
ory management unit. The F9445 can address 62 I/O de- 
viceSi handle 16 levels of priority interrupt, and perform 
fast direct memory access. It has control lines to provide 
operator-console functions and has an on-chip self-test 
program. The F9445 CPU is supported with a comprehen- 
sive family of LSI support circuits to permit cost and per- 
formance effective usage in high-performance microcom- 
puter systems. The support circuits include the F9446 
Dynamic Memory Controller, F9447 I/O Controller, F9448 
Programmable Multiport Interface, F9449 Multiple Data 
Channel Controller, F9444 Memory Management Unit and 
F9470 Console Controller. It is also supported with a 
library of software packages, including editors, debuggers, 
macro-assembler, relocating loader, real-time executive, 
interactive multi-user disk operating system and utilities, 
as well as high-level languages: FORTRAN, BASIC and 
PASCAL. 

• Advanced Parallel Architecture Leading to Very Fast 
Execution Times— 250 ns Register to Register, 2.9 /*s 
16 x 16 Bit Multiply 

• Directly Addresses up to 128K Bytes of Memory 
with 11 Addressing Modes 

• Eight Program-Accessible Registers (ACQ, AC1, AC2, 
AC3, SP, FP, PC, PSW) 

• Versatile Instruction Set Including Memory 
Reference, ALU, I/O, Stack, Multiply/Divide, and 
Floating Point Assist (Scale/Normalize) Instructions 
with 8-Bit Byte, 16-Bit Word or 32-Bit Double-Word 
Data 

• Multi-Processing Capabilities 

• Flexible Operator-Control Functions and Self-Test 

• Static Operation with Single Clock up to 24 MHz 

• LS TTL Input/Output Structure with l 3 L Internal 
Circuits 

• 40-Pin DIP Needing a Single +5 V Power Supply 

• Full Military Temperature and Voltage Ranges 

• Radiation-Tolerant Technology 

• Comprehensive Family of Support Circuits 
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Absolute Maximum Ratings 

Beyond these ratings useful life of the device may be 
impaired. 

Storage Temperature -65to+150°C 

Ambient Temperature Under Bias -55 to +125°C 

V cc Pin Potential to Ground Pin -0.5 to +6.0 V 

Input Voltage (dc) -0.5 to +5.5 V 

Input Current (dc) -20to+5mA 

Output Voltage (Output HIGH) -0.5 to +5.5 V 

Output Current (dc) (Output LOW) +20 mA 

Injector Current (l| NJ ) +600 mA 

Injector Voltage (V INJ ) -0.5 to + 1.5 V 
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Fig. 1 F9445 Functional Diagram <j- 
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Architecture 

The F9445 microprocessor comprises three main blocks: 
the data path, the control unit, and the timing generator. 

Data Path 

The data path is 16 bits wide and is responsible for all the 
processing of data and address in the system. In many 
cases, data and address may be processed simultaneously. 

The data path includes the following blocks (see Figure 1): 
Register File (ACO, AC1, AC2, AC3, SP, FP) 
Program Counter (PC) 

Program Status Word or Status Register (PSW contain- 
ing: Carry, Overflow, 32KW, ETRP flags) 
Interrupt-On Flip-Flop (INTON) 
Destination Mux 
Source Mux 
16-Bit ALU 
17-Bit Shifter 

5-Bit Counter (for multicycle instructions) 
Bus Register Mux 
Bus Register 
Bus Mux and Buffer 
Incrementer 

Control Unit 

The operations of the data path components are governed 
by the pipelined, microprogrammed control unit. This unit 
comprises three main elements (see Figure 1): the PLA 
(control store) to contain the microprogram, the pipeline 
register (microprogram register) to iatch the micro- 
instruction executed in the current cycle, and the instruc- 



tion register to supply additional control bits during certain 
instructions. In addition, the control unit has a machine in- 
struction pre-fetch mechanism which overlaps the fetching 
of the next instruction from memory during execution of 
short-cycle instructions, such as arithmetic-and-logic (ALU) 
instructions. This pre-fetch capability and the micropro- 
gram pipeline give the F9445 very fast and efficient instruc- 
tion execution. 

Timing Generator 

The timing generator produces the system timings for the 
F9445 internal registers, memory, I/O, and console. 

The clock is divided on-chip using a 3-bit twisted ring coun- 
ter. The divide ratio is 6:1 or 4:1, depending on whether a 
short or long cycle is required. The long cycle can be 
extended indefinitely by lowering the inputs BUSGNT, 
RDYA, or RDYD. These signals hold the processor in state 
S1 (using BUSGNT or RDYA) or S3 (using RDYD) until the 
inputs are raised. 

The twisted ring counter is also used to generate all the 
strobes by a combinational decode of its outputs and cer- 
tain bits of the microprogram register. 

Signal Descriptions 

All F9445 inputs and outputs are TTL. 

Information JBus 

I Bo through IB 15 , Pins_11 through 26 — 16-bit Bus — Active 
LOW bidirectional; iB is most significant bit; address vaiid 
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with STRBA strobe; data vaiid with STRBD strobe; 3-state 
during data-channel and non-bus cycles. 

Timing and Status 



pvki o:— -7 



oyi IUI 1 1 Ul ll£C uuijjui nunvc cvciy ojoic, 



may be used for external synchronization of memory and 
I/O control. 



STRBD, Pin 6 — Data Strobe — Active LOW output; active 
only during memory, I/O, console, or data-channel cycles; 



iicoH ac ctrnho fnr Hata 



STRBA, Pin 5 — Strobe Memory Address Register — Active 
LOW output; active only during normal memory cycles; not 
active during write portion of read-mod ify-write cycles 
(DSZ, ISZ, STB instructions and auto-increment/decrement 
addressing modes); used as strobe for external address 
register; active on I/O cycles when I/O instruction is output 
onto bus. 

M, Pin 36 — Memory or I/O Function — Active LOW output. 
Oi, Pin 35 — Memory or I/O Function — Active HIGH output. 
Oo, Pin 34 — Memory or I/O Function — Active HIGH output; 
these pins indicate the type of bus transfer as shown in the 
following table. 





M Oi Oo 


Function 


Memory 



1 
1 
1 1 


Instruction Fetch 

Operand 

Indirect Address 

Address Save on interrupt, abort, 

and trap 


I/O 


1 
1 1 
1 1 

1 1 1 


Input or Output 
Data Channel Acknowledge 
Read Console Code 
Console Data 



If a skip is taken on an arithmetic-and-logic (ALU) instruc- 
tion, the next instruction is fetched but not executed. In 
such fetches, the M and lines will indicate the following 
states. 



M Oi Oo 




1 



State Indicated 



SO through S4 
S5 



write or output operati on; 3-sta te during data-channel cy- 
cles and short cycles (BUSREQ is HIGH). 

RDYD, Pin 8 — Data Ready — Active HIGH input; used to 
synuiirum^e external ueviues wim me rotti; uui my uaia 
transfer; a LOW level halts the processor. 

RDYA, Pin 4 — Address Ready — Active HIGH input; main- 
tains address on bus when LOW. 



nuiN, nil oi 

when in halt state. 
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CARRY, Pin 39 — Carry Status — Active HIGH output; copy 
of carry bit. 

INTON, Pin 27 — Interrupt-On Status — Active HIGH out- 
put; copy of Interrupt-On flag; HIGH when interrupts en- 
abled. 

CLK, Pin 40 — Clock Input — Single-phase clock; 
positive-edge triggered. 

Arbitratio n 

BUSREQ, Pin 38 — Bus Request — Active LOW output; in- 
dicates that a bus cycle is required; useful in multi- 
microprocessor system. 



BUSLOCK, Pin 2 — Bus Lock — Active LOW open collector 
output; set during read portion of read-modify-write cycles 

lr\r> nQ7 IQ7 QTR anH aiitn.inrrpment/HprrpmpnH rPQftt 
V W. I L^W-, .W_, w.~, ^. — ~„*~ . . . , ,, . 

during write portion of those cycles; used in multi- 
microprocessor system. 

BUSGNT, Pin 3 — Bus Grant — Active HIGH input; used for 
multi-microprocessor operation; a LOW level inhibits ad- 
dress output and halts the processor. 

Service Request 

The order of priority of requests and int e rrupts, fro m high- 
est to lowest, is as f ollows: M R, ABORT, D CHREQ, Stack 
Overflow Interrupt, INTREQ, and CONREQ. 

MR, Pin 33— Master Reset — Active LOW input; a LOW 
level causes the processor to enter a wait state after com- 
pleting the next full cycle; if that cycle is a write, it is inhi- 
bited (changed to read); sets the F9445 to 32K mode with 
trap enabled. 



During machine cycle s that do not use the bus, the M and 
O lines will be '111". BUSREQ and the bus strobes are in- 
active in these cycles. 

vv , r ii I I vvi lie wui|jui ii luiuaico uiic^uum \ji uaia iiuiv, 

HIGH indicates a read or input operation; LOW indicates a 



DCHREQ, Pin 29 — Data Channel Request — Active LOW 
input; initiates data-channel cycles while LOW after current 
instruction. Must occur before TDRH (c). 



V^Wl\l ll_*o<, I III C.O \-r\J\ IOUIC I iC^uCOi ^^ /"vv^ii vC l_v«» » w iiif/ui, 

initiates a console operation after current instruction. 
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INTREQ, Pin 30 — Interrupt Request — Active LOW input; 
initiates entry to interrupt procedure, if interrupts are en- 
abled, after the current instruction. 



Fig. 2 F9445 Register Model 



ABORT, Pin 32 — Abort — Active LOW input; initiates abort 
sequence in the current microcycle. 

Power 

V cc , Pin 31 — Power Supply — Requires +5 V. 

GND, Pin 9 — Ground. 

Iinj, Pin 10 — Injection Current Input — Operates in 
200-400 mA range at approximately 1 V; requires > 350 mA 
for maximum speed. 

Register Set 

The F9445 has eight user-accessible registers (see Figure 2), 
including seven 16-bit registers and a program status word 
(PSW) containing the following four flags: carry (bit 0), 32KW 
(bit 1 ), trap enable (bit 2), and overflow (bit 15). The carry 
flag (C) indicates the state of the carry bit during arithmetic 
and logic operations. The 32KW flag indicates whether the 
processor is operating in the 32K-word ("1") or 64K-word 
("0") mode. The trap enable/disable flag (ETRP) indicates 
whether the trap instruction is enabled ("1") or disabled ("0"). 
The overflow flag (V) indicates twos-complement overflow in 
arithmetic operations. 

In addition, there is an interrupt-on (INTON) flag. The CPU 
responds to interrupt requests from external I/O devices 
when the flag is set ("1"). When it is clear ("0"), all inter- 
rupt requests are ignored by the CPU. The state of the flag 
can be altered by the Interrupt-Enable or Interrupt-Disable 
instruction. 

The seven 16-bit registers comprise a program counter 
(PC) that sequences the execution of instructions, four 
general-purpose accumulators (AC0 through AC3), the 
stack pointer (SP) and the frame pointer (FP). The program 
counter sequences the execution of instructions. It holds 
the address of the next instruction to be executed and is 
automatically incremented to fetch instructions from con- 
secutive memory locations. A Skip, Jump, Jump-to- 
Subroutine, or Trap instruction, an interrupt generated by 
an I/O device or an Abort can alter the sequential execution 
of instructions. 

The four accumulators serve as source and destination reg- 
isters for 16-bit arguments in arithmetic-and-logic instruc- 
tions which process the contents of the source accumu- 
lators and a base value for the carry flag and store the 
16-bit result in the destination accumulator. The associated 
carry and overflow flags are set or cleared depending on 
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the result of the ALU operation as the base value of carry. 
Accumulators AC2 and AC3 also serve as index registers 
during memory addressing operations. In addition, AC3 
functions as a subroutine linkage register, and the pair ACO 
and AC1 are used as a 32-bit register in the multiply/divide 
and the normalize and parametric double-shift instructions. 

The other two 16-bit registers serve as temporary storage 
and as the stack pointer (SP) and frame pointer (FP) in the 
stack manipulation instructions. The stack pointer contains 

lilt; dUUlC33 ui lire iu|j ui 1110 oiaorv, i.e. u ic nasi wyuiu 

"pushed" onto the stack which is also the first word that 
may be "popped." The frame pointer contains the address 
of the highest location in a block of five words on the 
stack, a "frame," containing program status information 
used to return from a subroutine (see Figure 3). 

The frame pointer is updated by the Save and Return in- 
structions which are intended to be the first and last in- 
structions, respectively, executed by a subroutine. When a 
Jump-to-Subroutine instruction is executed, the value 
PC+1 (and the value of the carry bit in 32K-word mode 
QnhA ic stored in AC3. The Save instruction then pushes 
five key words onto the stack in the following order: first, 
trie contents oi nuu, st:uuna, me uonicms ui n^ i , umu, 
the contents of AC2; fourth, the value of FP before the 
Save; and fifth, the contents of AC3. At this point, SP 
points to the top of the frame (which is the current top of 
the stack), and that address becomes the new value of FP. 
This new value of FP is also placed in AC3. When a Return 
instruction is executed, the five words stored in the frame 
referenced by FP are used to restore accumulators ACO 
through AC2 to their values at the time preceding the Save. 
FP is restored to its previous value (pointing to the last 
previously saved five-word frame) and PC is loaded with 
the return address which had been placed in AC3 by the 
previous Jump-to-Subroutine and pushed onto the stack by 
the previous Save. The restored value of FP is also placed 
in AC3 by the Return instruction. 

Information may also be moved between SP or FP and any 
of the four accumulators by the instructions MTFP, MFFP, 
MTSP, and MFSP without affecting the source register of 
the move or any of the registers not specified with the in- 
struction. This allows setting up multiple stacks whose 
pointers are saved in main memory when not in use. 

Addressing Ranges and Modes 

The F9445 memory reference instructions support two ad- 
dress ranges and a variety of addressing modes. These 
modes include direct/indirect addressing which may be ab- 
solute, PC-relative, or indexed by AC2 or AC3. Additional 
addressing modes include auto-increment, auto- 
decrement, and address via stack and frame pointers. The 



two address ranges in which the F9445 can operate are 
128K-byte (64K-word) or 64K-byte (32K-word) logical ad- 
dress space. The F9445 master resets to the 64K-byte 
(32K-word) address range. The 128K-byte (64K word) 
address range can be enabled or disabled under program 
control. 

64K-Byte (32K-Word) Address Range 

After the master reset is activated or the D64K instruction is 
executed, the F9445 operates in the 64K-byte (32K-word) 

aHHrocc mnno In thic mnrlp nf nnpratinn it uses 15-bit ad- 

dresses to fetch up to 32K words from the memory and 
uses either the least-significant sixteenth bit to select high 
or low byte of the word in the byte instructions or the 
most-significant sixteenth bit to specify the remaining 15 
bits of the word as an indirect address in muiti-level indi- 
rect addressing instructions. 

In the Load-Byte (LDB) and Store-Byte (STB) instructions, a 
16-bit accumulator is specified as the byte pointer. The 
most significant 15 bits of the byte pointer are treated as 
the logical address of the word containing the byte which 
the least significant bit specifies, selecting the high (if "0") 
or low (if "1") byte of the word. 

The remaining memory reference instructions specify ef- 
fective addresses of 16-bit words via various (11) addres- 
sing modes described below. 

Page Zero In this mode the instruction provides 

an 8-bit absolute address to access 
the first 256 words (page zero) of 
memory. 

PC Relative In this mode the instruction provides 

an 8-bit twos-complement signed 
number which is added to the pro- 
gram counter to access 128 loca- 
tions below and 127 locations above 
the address specified in the program 
counter. 

Indexed by AC2 In these two modes the instruction 

(or AC3) provides an 8-bit twos-complement 

signed number which is added to 
AC2 (or AC3) to access 128 locations 
below and 127 locations above the 
address specified in the accumulator. 

The memory reference instruction may specify any of the 
above four memory addressing modes to be either direct or 
indirect. For direct addressing, the effective address com- 
puted using the eight address bits of the instruction is the 

(Innl n/Jrlmoc r\f tho (orno* iiinrri +r\ ho etn rprl nr rotriov/oH 
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F9445 



For indirect addressing, the effective address computed 
from the eight address bits of the instruction is used to 
fetch a 16-bit word that supplies the address of the target 
word. If the most significant bit of this word is "0", the 15 
least significant bits provide the address of the target word. 
However, if the most significant bit of this word is "1", this 
specifies a further level of indirect address. In that case, 
the 15 least significant bits refer to the address of another 
word which could provide the final address of the target, 
depending on whether its most significant bit is "0" or "1". 
Thus, multiple levels of indirect addressing continue until a 
word is fetched with a most significant bit of "0". Such 
multiple levels of indirect addressing are only allowed in 
the 32K-word address range operations. 

The next two types of addressing modes are the auto- 
increment and auto-decrement modes. When locations 20 
through 27 (octal) are indirectly addressed, the auto- 
increment mode is activated: the contents of the specified 
location are first incremented and stored back and this 
new value is treated as the effective address (which can, in 
turn, be either direct or indirect). Locations 30 through 37 
(octal) are used as auto-decrement locations in a similar 
manner. 

The last type of addressing is stack addressing in which 
the address of the memory reference is derived from the 
stack pointer. 

128K-Byte (64K-Word) Addressing Range 

After the E64K instruction is executed, the F9445 starts 
operating with the 128K-byte (64K-word) addressing range. 
In this range, the F9445 uses 16-bit addresses to fetch up 
to 64K words from the memory and supports all the 11 ad- 
dressing modes described previously. However, only one 
level of indirect addressing is allowed — the one specified 
in the instruction — since with 16-bit addresses there are 
no bits available in the words fetched to indicate further 
indirect addressing. 

The byte pointer is also different in the 128K-byte 
(64K-word) case compared to the 64K-byte (32K-word) 
case. The 64K-word range byte pointer is 17 bits wide and 
is composed of the carry flag and the 16-bit accumulator 
specified in the LDB or STB instruction. The value of the 
least-significant bit of the 17-bit word selects the high (if 
"0") or low (if "1") byte of the word to be loaded or stored. 



provide the displacements for the calculation of effective 
addresses of memory locations. 

The whole instruction set can be divided into five broad 
groups: 

Memory Reference Instructions 
Arithmetic-and-Logic Instructions 
Stack Manipulation Instructions 
I/O Instructions 
Control Instructions 

The Memory Reference instructions modify the contents of 
memory locations, alter program execution sequence, and 
move operands between the accumulators and memory lo- 
cations. The contents of accumulators and the carry and 
overflow flags are processed by the Arithmetic-and-Logic 
instructions. The Stack instructions manipulate the regis- 
ters and the memory in stack-associated operations. The 
I/O instructions effect data transfers between the accu- 
mulators and I/O devices. The Control instructions modify 
or interrogate the state of the CPU and operator console, 
performing such actions as controlling the status of the 
interrupt-on flag and reading the status of the console 
switch register. 

The F9445 instruction set is shown on the following pages. 
The assembly-language format of each instruction is 
shown on the left, followed by the name of the instruction 
and a symbolic description of its action. The corresponding 
bit pattern for each instruction is shown on the right side 
of the page. 

Assembly-language mnemonics and binary representations 
for instruction optional parts (within square brackets) and 
accumulator codes, to be inserted at the indicated places in 
the instructions, are shown following each group of 
instructions. 

The required separator, indicated in the assembly-language 
formats by a square (□), may be entered as any number or 
combination of space or tab characters or a comma for the 
macro-assembler; the separator must be a single space for 
the F9445 PEPBUG program. 



Instruction Set 



The F9445 has fixed-length instructions, each of which is 
16 bits long and divided into several fields. The fields are 
used to specify the operation code and other related ac- 
tions, to define conditions and specify the CPU registers 
containing arguments, to define I/O device codes, and to 



F9445 Instruction Set 
Memory Reference Instructions 



JMPD[@] displacement [.index] 

Jump. Jump to effective address. 

JSRD[@] displacement [,index] 

Jump to Subroutine. Jump to subroutine 
at effective address: then return to 
PC saved in AC3. 






1 


2 


3 


4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 

















@ 


INDEX 


DISPLACEMENT 





1 


2 


3 


4 


5 


6 7 


8 


O 


10 11 12 13 


14 


15 














1 


@ 


INDEX 


DISPLACEMENT 



ISZD[@] displacement [,index] 

Increment and Skip if Zero. Increment 
(EA); if zero, skip next instruction. 

u&£j-j\_(ujj uiSpiawciiiciii l,iiivjoaj 

Decrement and Skip if Zero. Decrement 
(EA); if zero, skip next instruction. 

LDAuAC, [@] displacement [,index] 

Load Accumulator. (EA; — AC. 

STADAC, [@] displacement [,index] 

Store Accumulator. AC — (EA). 

LDBDACs, AC d , 

Load Byte. (Byte Pointer i — ACd 8-15, 
— ACd 0-7; LSB of byte pointer 
in AC S selects high-order byte if 0, 
low-order byte if 1. 






1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 











1 


@ 


INDEX 


DISPLACEMENT 






O 


O A 


c 


C J 


Q 


g 


10 11 12 13 


14 


15 











1 1 


@ 


INDEX 


DISPLACEMENT 





1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 








1 


AC 


@ 


INDEX 


DISPLACEMENT 





1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 





1 





AC 


@ 


INDEX 


DISPLACEMENT 





1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 


G 


A 
1 


A 
1 


Av»d 


n 
u 


ft H 
U 1 


A /*» 


s 


n n n n 

V V V V 


n 

V 


1 



STBDACs, ACd 

Store Byte. ACd 8-15 - (Byte Pointer i 






1 


2 


3 4 


5 


6 


7 


8 9 


10 


11 


12 


13 


14 


15 





1 


1 


ACd 


1 








AC S 

















i 



Effective Address Codes 



Mnemonics 




Bits 






@ 


Index 


5 


6 


7 


Effective Address 


Omitted 














EA = D; direct page zero 


Omitted 


1 








1 


EA = CA + D; relative to PC 


Omitted 


2 





1 





EA = AC2 + D; indexed by AC2 


Omitted 


3 





1 


1 


EA = AC3 + D; indexed by AC3 


@ 





1 








EA = 1D1; indirect through page zero 


@ 


1 


1 





1 


EA = i CA + D 1; indirect relative to PC 


@ 


2 


1 


1 





EA = 1 AC2 + D 1; indirect relative to AC2 


(8) 


3 


1 


1 


1 


EA = AC3 + D 1: indirect relative to AC3 



Notes 

D = Displacement; specified as absolute in current radix or relative via mnemonics. 
CA = Current address or PC-1 . 
EA = Effective address. 

XX = Contents of location XX. e.g EA = Contents of effective address. 
@ = Indirect address bit. 
Byte Pointer 32K = 16 bits of AC S . 
Byte Pointer 64K = 17 bits of Carry and AC S ; upper 32K accessed 

when Carry = 1 . lower 32K when Carry = 
□ = Required separator. 



Accumulator Codes 





Bits 




Mnemonic 


8 9 


AC 








AC0 


1 


1 


AC1 


2 


1 


AC2 


3 


1 1 


AC3 



Relative Displacement 



Mnemonic 


Meaning 


.+D 
.— D 


Current location 
plus displacement 
Current location 
minus displacement 



Note 

D = Displacement in current radix. 



F9445 Instruction Set 
Arithmetic and Logic Instructions 

COM[carry][shift][#]DAC s , ACd [,skip] 

Complement. AC S — ACd. 

NEG[carry][shift][#]DAC s , ACd [,skip] 

Negate. — AC S — ACd; affects 
Carry and Overflow flags. 

MOV[carry][shift][#]DAC s , AC d [,skip] 

Move. AC S — ACd. 

INC[carry][shift][#]DAC s , ACd [,skip] 

Increment. AC S + 1 — ACd; 
affects Carry and Overflow flags. 

ADC[carry][shift][#]DAC s , ACd [,skip] 

Add Complement. 
AC S + ACd - ACd; 
affects Carry and Overflow. 






1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 


1 


ACs 


ACd 











SHIFT 


CARRY 


# 


SKIP 





1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 


1 


ACs 


ACd 








1 


SHIFT 


CARRY 


# 


SKIP 





1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 


' 


ACs 


ACd 





1 





SHIFT 


CARRY 


# 


SKIP 





1 2 


3 4 


5 


6 


7 


8 9" 


10 11 


12 


13 14 15 


1 


AC S 


ACd 





1 


1 


SHIFT 


CARRY 


# 


SKIP 





1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 


1 


ACs 


ACd 


1 








SHIFT 


CARRY 


# 


SKIP 



SUB[carry][shift][#]DAC s , ACd [,skip] 

Subtract. ACd — AC S - ACd; 
affects Carry and Overflow. 

ADD[carry][shift][#]DAC s , ACd [,skip] 

Add. ACs + ACd - ACd; 
affects Carry and Overflow. 

AND[carry][shift][#]DAC s , ACd [,skip] 

And. ACs A ACd - ACd- 






1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 


1 


ACs 


ACd 


1 





1 


SHIFT 


CARRY 


# 


SKIP 





1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 


1 


ACs 


ACd 


1 


1 





SHIFT 


CARRY 


# 


SKIP 





1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 


1 


ACs 


ACd 


1 


1 


1 


SHIFT 


CARRY 


# 


SKIP 



Base Carry Values 



Shift Operation 





Bits 


Carry Value 


Mnemonic 


10 11 


Used as Base 


Omitted 





Current Carry 


Z 


1 


Zero 





1 


One 


c 


1 1 


Complement of 
current Carry 



Load/No-Load Condition 



Mnemonic 


Bit 12 


Operation 


Omitted 

# 



1 


Load result 
in destination 
accumulator 
Do not load 
result 



Mnemonic 


Bits 
8 9 


Function 


Omitted 
L 
R 
S 




1 

1 
1 1 


No shift 
Left rotate 
Right rotate 
Swap bytes 



Skip Condition Codes 



Note 

# = Load/No-Load bit 

D = Required separator. 

A No-Load-No Skip instruction is interpreted as a trap if the Trap Enable flip-flop is set. 







Bits 








Mnemonic 


13 


14 


15 


Skip Condition 




Omitted 











Do not skip 




SKP 








1 


Always skip 




SZC 





1 





Skip if zero Carry 




SNC 





1 


1 


Skip if non-zero Carry 




SZR 


1 








Skip if zero result 




SNR 


1 





1 


Skip if non-zero result 




SEZ 


1 


1 





Skip if either Carry or result zero 




SBN 


1 


-i 


-i 


<jr\i|j ii Uui'i vjai i y di iu icoun uQir 


zero 



F9445 Instruction Set 

Arithmetic and Logic Instructions (Continued) 

ORDACs, ACd 

Or. AC S V ACd - ACd. 



MUL 



MULS 



DIV 



Unsigned Multiply. ACO + 
(AC1 x AC2) - ACO, AC1. 



Signed Multiply. ACO + 
(AC1 x AC2) -ACO, AC1. 



Unsigned Divide, i ACO, ACD/ 
AC2, quotient- AC1, 
remainder — ACO; Carry 
and Overflow = 1 if overflow 
occurs, Carry = if not. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 


s 


1 


1 


1 


ACd 

















1 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 





1 


1 





1 


1 

















1 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 


1 


1 


1 





1 




















1 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 





1 


1 








1 

















1 



DIVS 



Signed Divide. (ACO, AC1 )/AC2, 
quotient — AC1, remainder — ■ ACO; 
Carry and Overflow = 1 if overflow 
occurs, Carry = if not. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 


1 


1 


1 


























1 



NORM 



Normalize. Move the 32 bits in 
i ACO, AC1 i to the left until high-order 
bit of ACO = 1; number of steps 
required is subtracted from AC2; 
affects Overflow flag. 



SLLD 



Shift Logically Left. Shift the 32 
bits in i ACO, AC1 1 logically left 
n times; zeroes shifted to LSB 
of AC1 ; n is contents of AC2 
(1 <n<31i. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 


1 


























1 



SALD 



Shift Arithmetically Left. Shift the 
32 bits in (AGO, AC1) to the 
left n times; zeroes shifted 
to LSB of AC1; set Overflow 
flag on first sign change; n is 
contents of AC2 1 1 < n < 31 >. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 





1 


1 


























1 



SLRD 



Shift Logically Right. Shift the 
32 bits in iAC-0, AC1 1 logically 
right n times; zeroes shifted 
to MSB of ACO; n is contents 
of AC2 (1 < n <31 i. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 


1 





1 




















1 



F9445 Instruction Set 

Arithmetic and Logic Instructions (Continued) 



SARD 



Shift Arithmetically Right. Shift the 
32 bits in (AGO, AC1 ) arithmetically 
to the right n times; the 
MSB (sign) of ACO is extended; n 
is contents of AC2 ( 1 < n < 31 ). 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 


1 








1 

















1 



SKNV 



Skip on Not Overflow. Skip next 
instruction if Overflow = 0; then 
reset Overflow flag to 0. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 





1 


1 


1 





1 


1 

















1 



Stack Instructions 
PSHADAC 

Push Accumulator. SP + 1 — SP, 



AC-(SP). 



POPADAC 



PSHF 



POPF 



POPJ 



PSHR 



Pop Accumulator. (SP) — AC, 
SP-1 - SP. 



Push Flags. SP + 1 - SP, PSW - (SP). 



Pop Flags. (SP) - PSW, SP-1 - SP. 



Pop PC and Jump. (SP) - PC, 
SP-1 - SP. 



Push Return Address. SP + 1 - SP, 
CA + 2- (SP). 



TOPRDAC 

Read Top of Stack. (SP) - AC. 

TOPWDAC 

Write Top of Stack. AC - (SP). 



MTSPDAC 



Move to Stack Pointer. AC — SP. 






1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 





1 


1 























1 





1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 





1 


1 


1 




















1 





1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 







1 





1 





1 

















1 





1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 







1 





1 























1 





1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 







1 





1 


1 




















1 





1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 







1 





1 


1 


1 

















1 





1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 





1 


1 


1 


1 

















1 





1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 





1 


1 





1 

















1 





1 


2 


3 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 





1 


























1 



10 



F9445 Instruction Set 

Stack Instructions (Continued) 

MFSPDAC 

Move From Stack Pointer. SP - AC. 



MTFPDAC 



Move to Frame Pointer. AC — FP. 



MFFPDAC 



SAV 



Move From Frame Pointer. FP — AC. 



Save. Push the 5-word return block 
(ACO, AC1, AC2, FP [Carry*, AC3i-is| 
on stack, then load FP and AC3 
with contents of SP. 






1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 





1 





1 




















1 





1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 
































1 





1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 











1 




















1 





1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 





1 





1 























1 



RET 



Return. SP is loaded with contents of 
FP, then the 5-word return block is 
popped to (Carry*, PC1-15), FP, AC3, 
AC2, AC1, and ACO, respectively. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 





1 


1 




















1 



DSP 









1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 





1 


1 


Q 


1 


Q 

















1 



Notes 

SP = Stack Pointer 

FP = Frame Pointer 

PSW = Program Status Word 

CA = Current Address 1 PC-1 1 

*ln 64K-word mode, Carry bit is not involved in SAV and RET and is 

-.n^tjygjw 



I/O Instructions 



NIO[*]Ddevice 

No Data Transfer. 



SKPBD device 

Skip on Busy /Done Flags. Skip next 
instruction if Busy/Done meets test 
condition. 






1 


2 


3 


4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 


1 


X 


X 











* 


DEVICE CODE 





1 


2 


3 


4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 


1 


X 


X 


1 


1 


1 


■ 


DEVICE CODE 



DIA[ * ]□ AC, device 

Data In From Register A. A - AC. 



10 11 12 13 14 15 



1 1 


AC 


1 


* 


DEVICE CODE 



11 



F9445 Instruction Set 

I/O Instructions (Continued) 

DOA[ *]□ AC, device 



Data Out to Register A. AC — A. 



10 11 12 13 14 15 



1 1 


AC 


1 


* 


DEVICE CODE I 



DIB[*]D AC, device 

Data In From Register B, B — AC. 

DOB[ * ]□ AC, device 

Data Out to Register B. AC — B. 

DIC[*]D AC, device 

Data In From Register C. C - AC. 

DOC[*]D AC, device 

Data Out to Register C. AC - C. 






1 


2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 


1 


AC 





1 


1 


* 


DEVICE CODE 





1 


2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 


1 


AC 


1 








* 


DEVICE CODE 





1 


2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 


1 


AC 


1 





1 


* 


DEVICE CODE 





1 


2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 


1 


AC 


1 


1 





* 


DEVICE CODE 



Note 

Device code = any number in the current radix i octal only for PEPBUG 45 between and 77 
octal except reserved codes and 1, also may be the following standard mnemonics or other 
user-defined mnemonics with the macro-assembler : 



* Busy/Done Control Codes 



Notes 

X = Don't care. 
* = Busy/done control code. 
■ = Busy/done test code. 
□ = Required separator. 



■Busy/Done Test Codes 





Bits 




Mnemonic 


8 


9 


Operation 


Omitted 








Does not affect Busy and Done flags 


S 





1 


START the device by setting Busy = 1 
and Done = 


C 


1 





CLEAR both Busy and Done to and 
idle the device 


P 


1 


1 


PULSE the device. Its effect depends 
on device 



Mnemonic 


Bits 
8 9 


Test Condition 


BN 
BZ 
DN 

DZ 




1 

1 
1 1 


Busy is Non-Zero 
Busy is Zero 
Done is Non-Zero 
Done is Zero 



Device Code Symbols 



Mnemonic 


Octal 


Meaning 


TTI 


10 


TTY input 


TTO 


11 


TTY output 


PTR 


12 


Reader 


PTP 


13 


Punch 


RTC 


14 


Real-time clock 


LPT 


17 


Line printer 


SMS 


61 


SMS disk drive 


CPU 


77 


Console 



Refer to "Control Instructions" 
regarding use of device code 77. 
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Control Instructions 
INTEN 



INTDS 



Interrupt Enable. 1 - INTON; 
allows one more instruction to be 
executed before 1 -* INTON. 
Alternate assembler format: 

Niosno, CPU 

Interrupt Disable. - INTON. 
Alternate assembler format: 
Mio^rnn pdi i 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


X 


X 














1 


1 


1 


1 


1 


1 


1 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


X 


X 











1 





1 


1 


1 


1 


1 


1 



READSDAC 

Read Console Switch Register. 
SW - AC. 

Alternate assembler format: 
DIA DAC, CPU 






1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 








1 








1 


1 


1 


1 


1 


1 



INTADAC 



Interrupt Acknowledge. The device 
code of the highest priority device 
requesting interrupt is loaded to 
bits 10-15 of AC. 
Alternate assembler format: 
DIB DAC, CPU 






1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 





1 


1 








1 


1 


1 


1 


1 


1 I 



MSKODAC 



Mask Out. Enables specific 
devices to request interrupts. 
Alternate assembler format: 
DOB DAC, CPU 






1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





i 


i 


AC 


1 














i 


1 


1 


1 


1 


1 



IORST 



I/O Reset. Clear busy/done 
and interrupt enable flags of 
all I/O devices. 
Alternate assembler format: 
DICC DO, CPU 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


X 


X 


1 





1 


1 





1 


1 


1 


1 


1 


1 



HALT 



Halt the Processor. Only console 
operations are recognized. 
Alternate assembler format: 
DOC DO, CPU 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


X 


X 


1 


1 











1 


1 


1 


1 


1 


1 



SKPBD CPU 



Skip on Interrupt-On Flag. Skip 
next instruction if the INTON flag 
fulfills the specified test conditions. 






1 


2 


3 


4 


5 


6 


7 


8 9 


10 


11 


12 


13 


14 


15 





1 


1 


X 


X 


1 


1 


1 


■ 


1 


1 


1 


1 


1 


1 



WAIT 



Wait for Interrupt. Console, 
interrupt, and data channel 
request are recognized. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 





1 


1 


1 


























1 
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F9445 Instruction Set 

Control Instructions (Continued) 



TRAP 



ETRP 



DTRP 



E64K 



D64K 



Trap. CA - 46s, (47s) - PC. 



Enable Trap Instruction. Default 
state by MR. 



Disable Trap Instruction. 



Enable 64K-words mode. 



Disable 64K-words mode. 
Default state by MR. 



Most of the Control instructions are a subset of I/O 
instructions using device code 77 octal ("all 1s," 
mnemonic: CPU); in device code 77 instructions, the 
Busy/Done control affects the Interrupt-On flag instead 
of the Busy and Done flags. Use of the Control 
mnemonics sets the Interrupt-On flag (via bits 8 and 9) 

* Interrupt-On (INTON) Control Codes 



Mnemonic 


Bits 
8 9 


Operation 


Omitted 
S 
C 
P 




1 

1 
1 1 


No effect 
Set INTON = 1 
Reset INTON = 
No effect 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 














1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 


1 


1 


1 








1 

















1 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 


1 


1 


1 





1 


1 

















1 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 





1 


1 


1 








1 

















1 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 





1 


1 


1 





1 




















1 



as shown; however, with READS, INTA, MSKO, IORST 
or HALT, the alternate I/O mnemonics, which are shown 
for each instruction, may be used to control the 
Interrupt-On flag according to the "Interrupt-On Control 
Codes" table. 



Interrupt-On (INTON) Test Codes 



Mnemonic 


Bits 
8 9 


Test Condition 


BN 
BZ 
DN 
DZ 




1 

1 
1 1 


Skip on INTON = 1 
Skip on INTON =0 
Reserved 
Reserved 



Notes 

X = Don't care. 
* = Interrupt-On Control. 
■ = Interrupt-On Test. 
□ = Required separator 
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Input/Output Operations 

Input/output devices can transfer data to the F9445-based 
microcomputer via: 

Programmed I/O using the I/O instructions of the F9445, 

Memory-mapped I/O using the load/store instructions of 
the F9445, or 

Direct memory access or data-channei transfers. 

For programmed I/O, the device consists of up to three 
(minimum one) bidirectional 16-bit device registers, de- 
noted as A, B, and C, and three 1-bit flags: Busy, Done and 
Interrupt Disable (see Figure 4). The 2-bit status word com- 
prised of Busy and Done represents one of up to four pos- 
sible states of the device, viz. idle, busy, partially done and 
completely done (refer to Device Status Flags subsection). 
The F9445 I/O instructions allow data transfers between 
any of the accumulators (ACO through AC3) and any of the 
device registers (A through C), and can test and set the 

uoy, lJuiic cii iu ii iici i upruioauic ndyb. 



The F9445 can transfer the contents of any accumulator to 
an I/O device by executing a Data-Out instruction. It can 
load data from an I/O device into any accumulator by 
executing a Data-in instruction. To test the status of an I/O 
device, the F9445 can execute a Skip-On-Status instruc- 
tion.The I/O cycle has the same timing as the memory cycle 
(see Figures 13 and 14). Features of the I/O cycle are: 

■ 250 ns ( at 24 MHz system clock) minimum cycle time 

■ Cycle time can be extended using RDYA, RDYD 
S I/O instruction is output at address time 

■ STRBA is used to latch the I/O instruction 

■ STRBD is used to strobe the data 

■ O lines indicate the type of cycle as follows: 



M 0, Op W 



I/O Input Execute 
Instruction Fetch 
I/O Output Execute 
Interrupt Save 



10 1 
1 
10 
110 



The I/O devices can interrupt the normal flow of the 

Prr\r%rz*m hvj ncinn tho r*r\mmnn intorriint roriiioct lino 
■ U^IUIII k/J( wori i iy niw wiiniivii imvi i U|Jk i vi^U vw * *i«lw 



Fig. 4 I/O Device Model 



















BUSY 




DONE 




INTERRUPT 
DISABLE 




INF 


»UT 




OUTPUT 




DEVICE REGISTER A 




DEVICE REGISTER A 


DEVICE REGISTER B 


DEVICE REGISTER B 


DEVICE REGISTER C 


DEVICE REGISTER C 













Instruction Decode 

An I/O instruction in the F9445 system comprises several 
fields as shown in Figure 5. This format accommodates 
data transfers between a CPU accumulator and any one of 
up to three bidirectional registers in any one of 62 I/O de- 
vices. Bits 10 through 15 are coded to represent device 

uuuea \j\j nmjuyii i <j (uuiai;. i lie cm is ucvii/c i/uuc, i i 

octal, is reserved for CPU control instructions and should 
not be assigned to any unique I/O device; for similar rea- 
sons, device code 1 is also reserved; by convention, device 
code is not used. 



Fig. 5 Input/Output Instruction Fields 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



Op Code 


AC 
Address 


Type of 
Transfer 


Control 


Device Code 
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Bits 3 and 4 specify the address of any accumulator in- 
volved in an I/O instruction. When no accumulator is in- 
volved, both bits are ignored. The function bits 5, 6, and 7 
define the I/O operation to be performed. Bits 8 and 9 con- 
trol or test the status of the device busy and done flags. 

The eight standard I/O instructions were listed previously in 
the Instruction Set section. The No-Input/Output (NIO) 
instruction is a "no data transfer" instruction that can be 
used to set the busy and done flags as required, by 
attaching the appropriate flag-setting mnemonic. The F9445 
executes a "dummy" data out transfer. The status of a 
device's busy and done flags is tested by executing a Skip 
(SKP) instruction that causes a specific I/O device to put its 
busy and done flag states on lines IB and IB-, of the 
common information bus. If the flag state satisfies the 
condition specified by the busy/done flag-testing mnemonic 
appended to SKP, the CPU skips the next instruction. The 
remaining six standard I/O instructions first move data bet- 
ween an accumulator and any one of the device registers. 
A, B, or C. After the transfer is completed, the busy/done 
flags are set as specified in the I/O instruction. 

There are three I/O instructions that are common to all I/O 
devices: Interrupt-Acknowledge, Mask-Out, and Clear-I/O- 
Devices. The device code for these three instructions is 
77 (octal). 

When the F9445 executes the I/O instruction, the M and O 
lines will indicate an I/O operation ( "100"). The lines are 
valid on the rising edge of SYN. The device address 
(bits 10-15) must be decoded by each device on the I/O 
bus. Transf ers of in formation to and from the F9445 are 
timed with STRBD in the same way as the memory cycle. 

At the address time, the F9445 outputs the I/O instruction 
on the information bus. This can be used to generate I/O 
signals on systems without an I/O controller. STRBA is 
generated and can be used to latch the I/O instruction ex- 
ternally. The interrupt-disable, busy and done flags or- 
ganize interrupt-driven program-controlled I/O operations. 
The CPU controls the interrupt-disable flag. Both the CPU 
and the device can control the busy and done flags. 



Device Status Flags 

Interrupts from a device are disabled when the interrupt- 
disable flag of the device is set to "1". Interrupts are 
enabled when the flag is clear. Interrupt requests are gen- 
erated whenever the device sets the done flag. 

During programmed I/O, the interrupt-disable flag is nor- 
mally set to disable interrupts, and the busy and done flags 
define the status of the device for the CPU. The busy and 
done flag states are coded to represent the indicated de- 
vice conditions, as follows. 



Busy 


Done 


Device State 



1 


1 




1 
1 


Device idle 

Device busy 

Device completely done 

Device partially done 



The sequence of I/O transactions is normally dictated by 
the speed at which the device can communicate with the 
CPU. If the CPU operates at a higher speed than a device, it 
enters a wait loop between each I/O transaction with the 
device. During execution of the loop, the CPU repeatedly 
monitors the busy or done flag to determine when the de- 
vice is ready for the next I/O operation. 

During an output operation, one instruction stores data in 
the desired device register and places the device in the 
busy state. The CPU then enters a wait loop which termi- 
nates when the device has cleared busy and set done to 
signal readiness for the next output operation. 

To initiate an input transaction, the device sets ttie done 
flag. One instruction reads data from the appropriate de- 
vice register and places the device in the busy state. The 
CPU then enters a wait loop which terminates when the 
device has cleared busy and set done to indicate that it has 
the next data ready. 
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interrupts 

The interrupt request, INTREQ, line is common to all I/O 
devices. When the device completes an I/O operation, it 
should set the done flag. Concurrently, if the device is 

ena uieu lu i nienupi, it snuuiu cissen tne active uv^vv un 

the INTREQ line. The processor responds to the interrupt 
request after completing execution of the current 
instruction. It then clears the interrupt-on flag so no 
further interrupts can be started, saves PC (which points 
to the next instruction) in location 0, and executes a 
"ium n -indirect-to-!ocation-1 " instruction to 'uro n to the 
interrupt service routine. Location 1 should contain the 
address of the interrupt routine or an indirect address to 
the routine. The F9445, when interrupted, can check for 
the source of the interrupt in two ways: 

It can test the state of the done flags in the various de- 
vices, one by one, by executing Skip-on-Done instruc- 
tions; or 

It can test the state of the I/O devices by executing the 
Interrupt-Acknowledge instruction, causing the device 
that had sent an interrupt request to respond by placing 
its device code on bits 10 through 15 of the information 

hi ic 



As several devices can request interrupt simultaneously, 
device priority may be established in a daisy-chain fashion 
by a physical connection of a serially propagated signal, 
Interrupt Priority. The first device requesting an interrupt 
and having its Interrupt-Priority-ln line HIGH has priority, 
and it answers the Interrupt-Acknowledge instruction, at 
the same time blocking the propagation of the interrupt- 
priority signal by putting its Interrupt-Priority-Out line in a 
LOW state. 

The interrupt-priority signal is generated in the device hav- 
ing the highest priority. The F9445 can disable the interrupt 
system in each I/O device by placing a mask on the infor- 
mation bus while executing the Mask-Out instruction. 

Each bit in the mask is assigned to a specific device. When 
that bit is "1", the interrupt system is disabled. A "0" in 
that bit enables the device. 

After servicing a device, the routine should restore the pre- 
interrupt states of the accumulators and carry, turn on the 
interrupt, and jump to the interrupted program. The 
instruction that enables the interrupt sets interrupt on 



(INTON), but the flag has no effect until the next instruction 
begins. Thus, after the instruction that turns the interrupt 
back on, the processor always executes one more instruc- 
tion (assumed to be the return to the interrupted program) 

uciiJi c aiiuuici ii i lo i i up i sci vii/c \jtxi i aiaii. 11 u ic oci vibe 

routine allows interrupts by higher priority devices, the 
routine should turn off the interrupt, before dismissing as 
indicated above, to prevent further interrupts during dis- 
missal. In dismissing, the routine should re-enable lower 
priority devices. 



The interrupt request input INTREQ is negative-level 
sensitive and is synchronized in the processor. Externally, 
interrupt requests may be latched with the leading edge of 
SYN. The interrupt request may be reset by the external I/O 
controller from a decode of the I/O instruction INTA. 

The F9445 recognizes two other types of interrupts: 

Abort In terrupt — This is activated by the active LOW of the 
ABORT input. The processor responds by: 

Aborting the instruction being executed, 
Storing the address of the aborted instruction in loca- 
tion 46 ^octah and 
Jumping indirect to location 47 (octal). 

Stack Overflow interrupt— This is an internal interrupt 
caused when the stack overflows; i.e., when a stack 
operation (PSHA, PSHF, PSHR, SAVE, TOPW) writes over 
a page boundary (mod 256). This int errupt is of higher 
priority than the external interrupt (iNTREQ); the 
processor responds, at completion of the current 
instruction by: 

Clearing the interrupt-on flag (to "0"), 

Storing the updated program counter in location 0, and 

Jumping indirect to location 3 (octal). 

The interrupt-save cycle follows the interrupt. It can be ex- 
ternally detected by the code "011" on the O lines and 
used, for example, to switch an external mapper to non- 
mapped mode. 

The order of priority of req uest s and interrupts, fro m high- 
est to lowest, is as f ollows: MR, ABORT, D CHREQ, Stack 
Overflow Interrupt, INTREQ, and CONREQ. 
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Data Channel 

The data channel has three methods of operation with the 
F9445: 

Data-channel cycle with F9445 controlling the memory, 
Data-channel cycle with external memory control, and 
Autonomous-bus cycle using bus arbitration scheme. 

The sequence of events during a data-channel cycle is as 
follows: 



1. DCHREQisset. 

2. F9445 res ponds by setting M, d, and O to "101" and 
BUSREQ to "1". This is recognized externally as Data- 
Channel Acknowledge and can be used to reset 
DCHREQ if it is the last data-channel cycle required. 



3. F9445 3-states the bus and sends STRBA. 

4. The external logic must supply an address at this time. 
The address time can be extended with RDYA. 



5. F9445 outputs STRBD. 

6. The controller transmits or receives the data-channel 
data and responds with RDYD, concluding the cycle. 

Console Operation 

Console operation allows examination and modification of 
the F9445 internal registers without executing programs in 
main memory. This is very useful for system diagnostics 
even when the memory or I/O part of the microcomputer 
system is not fully functional. 

Upon request for console operation, the processor will 
execute one of a number of console operations depending 
on a console code on the information bus (see Figure 6). 
This facilitates the connection of an external console for 
monitoring and test purposes. The following sequence is 
used to execute a console operation: 



3. The processor sets the M and lines to "110" (console 
code in). 

4. In response to the M and lines being set to "110", the 
console logic supplies a code on the information bus 
corresponding to the desir ed oper ation, which is 
selected onto the bus with STRBD. 



5. The console logic resets CONREQ. 

6. The processor executes the console operation. 

7. The processor may read or write data from the console 
switches or console lamps. In this case, the M and O 
lines are set to "111" (console data). In most cases, the 
processor halts after the console operation by entering 
a Wait state. The exceptions are Continue and APL. 

Console logic can be implemented in three levels of 
simplicity: 



No Console Code — If a CONREQ is generated and no 
console code supplied, the default bus value ("0") will 
cause the processor to execute APL. This sets the PC to 
-1, then starts normal execution. This is the minimal con- 
sole operation required. 

Limited Console Operation — A subset of operations can 
be arranged with a 2-bit console code. These operations 
are APL, Test, Continue, and Halt. 

Full Console Operation — A 9-bit code (see Figure 6) de- 
fines the full set of console operations. Single-Step is not 
implemented directly, but can be arranged using Continue: 
first, the Continue operatio n is spec ified; after the first in- 
struction is fetched, a new CONREQ is generated and the 
operation is changed to Halt. 



1. CONREQ is set LOW. 



2. The processor finishes the current instruction. 
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Fig. 6 Console Codes 
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1 


1 
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1 
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1 


1 
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1 


1 


1 
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Bus Arbitration 

The F9445 contains three signals that allow more than one 
processor to share a common bus: 

BUSREQ— This is LOW at the beginning of every cycle in 
which the F9445 requires use of the bus. 

BUSGNT— When LOW, it is used to halt the processor in- 

Hi^atinn thp hue ic i inawai Iqhlp 



BUSLOCK — This indicates that the current uus cycie an^ 
the following bus cycle from the processor must not be in- 
terrupted by a cycle from another processor. 

The BUSLOCK signal has two purposes. One purpose is to 
prevent the external memory address register from being 
overwritten durin^ those instructions that rely on the ad- 
dress remaining in this register. The other purpose is to 
provide a method of synchronizing separate software tasks 
using a standard semaphore system. An external arbiter is 
required to determine which processor has access to 
the bus. 

Applications 

Static Memory Interface 

The F9445 bus structure allows easy connection of static 
memory. Both address and data are multiplexed onto the 
16-bi t inform atio n busTB (0 .i 5) . The mutually exclusive sig- 
nals STRBA and STRBD indicate that the information bus 



is carrying address or data, respectively. The M signal 
(M = LOW) indicates that a memory cycle is taking place 
on the bus, while the W signal indicates whethe r the opera- 
tion is a read or write. The timing of the STRBD is shorter 
for a write operation, to allow positive hold time for the 
memories. The signal RDYD may be held LOW to stretch 
the memory cycles for slow memories. 

A typical scheme is shown in Figure 7. This diagram shows a 
4K'x 16 static RAM configuration (2114-type 1K x 4). The 

h.io ie KnffaroH \n\i a 7&9AC\ inyortinn S-ctate hliffer Bufferina 

is optional and depends on fan-out requirements of the 
memories. The buffer is normally connected for output, but 
is connected for input w hen necessary by a simple decode 
of the M, W and STRBD lines. 



An address latch (74533) is clocked with STRBA. The 
memory address is decoded from these outputs and forms 
the chip-select (CS) inputs to the RAM. 

A shift register (74164) provides a time delay for RDYD for 
slow memories. An alternative for this would be a one-shot 
(9602). Fast memories do not require RDYD delayed. 
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Fig. 7 Static Memory Connection Scheme 
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Input/Output 

The F9445 I/O can utilize a simple scheme similar to the 
memory connection. To take full advantage of standard 
F9445 I/O instructions, however, I/O instructions must be 
externally decoded. An F9445 support circuit (F9448, 
F9447, F9470) can be used for this purpose. 

To implement standard F9445 I/O without the support cir- 
cuits mentioned above requires external logic. This can be 
implemented with an FPLA (93459). Table 1 illustrates the 
PLA for I/O. 
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*P 06 *l 


--L-LLLLHHL--LLH 


*F 


AA 


*P 07 *! 


_ _ 1 _ 1 1 1 1 HH 1 -- 1 HH 


*F 


A- 


*P 08 *l 


--L-LLLLLHL--LHL 


*F 


A-- 


*P 09 *l 


H HHH 


*F 


A 


*P 10 *l 


--L-LLLHLHL--HHH 


*F 


--AAA 


*P 11 *l 


--L-HLLHLHL--HHH 


*F 


AA 


*P 12 *l 


--L-LLLLHHL--HHH 


*F 


--A-A 


*P 13 *l 


--L-LLLLHHL--HHL 


*F 


--A-A 


*P 14 *l 


--LHLLLHLHLLH 


*F 


-AAAA 


*P 15 *l 


--LHHLLHLHLLH 


*F 


-A-AA 


*P 16 *l 


--LHLLLLHHLLH 


*F 


-AA-A 


*P 17 *l 


--LHLLLLHHLHH 


*F 


-A--A 


*P 18 *l 


--LHLLLHLHLHL 


*F 


_AAA 


*P 19 *l 


--LHHLLHLHLHL 


*F 


-A-A 


*P 20 *! 


--LHLLLLHHLHL 


*F 


-AA 


*P 21 *l 


--L-HHHHHHH--HLH 


*F 


--AA 


*P 22 *l 


--L-HHHHHHH--HHL 


*F 


A 


*P 23 *l 


--L-HHHHHHH--LLH 


*F 


__A 


*P 24 *l 


--L-HHHHHHH 


*F 


A 


Key for Table 1: 






*A 


= Active level of outputs 






*P 


= Product term number 






*l 


= Inputs 






*F 


= Outputs 






- 


= Don't care 






H 


= High level 






L 


= Low level 






A 


= Active 







The schematic (see Figure 8) shows a UART connection. 
The FPLA decodes the instructions and produces outputs 
from three multiplexers (74138). Spare outputs on these 
multiplexers can be used to drive other I/O devices. 

Busy, done, mask and interrupt latches for both input and 
output are implemented. The baud rate generator (4702) is 
programmable for baud rates from 110 to 9600 baud. 

In this scheme, the I/O bus is buffered (74240); this is op- 

J.: I A ___ ~U~i /<->pnO\ ^^^.,;^1^,^ ,-, nrnnnnnnr nunln ^JqIoi; 

UUMell. f\ (J I IC-31 IUl \z?0\JC) jji uviucb a |ji uocooui v/yoio uciay 

by holding RDYD low. This allows the use of a slow UART 
(TR1263B). Converters (1488, 1489) are used for RS232- 
level connection, and current loop drivers are switch 
selected as shown. A one-shot (9602) provides a pulse for a 
TTY reader delay. 

Dynamic Memory Control 

Since dynamic memory is more difficult than static memory 
to connect to any processor, the F9445 requires some addi- 
tional circuitry to drive dynamic memories (see Figure 9). 
There are several approaches to dynamic memory control: 

Using an LSI special-purpose dynamic memory control- 
ler (e.g. F9446), which is by far the simplest solution; 

Using standard SSI or MSI for the controller, requiring 
considerable board area; 

Using software-assisted techniques, which reduces 
hardware requirements but can result in poorer overall 
performance; or 

Using a standard MSI dynamic memory controller (e.g. 
9642) with additional timing and control logic. 

The last alternative has the advantage of using standard 
parts with a low part count and no software overhead. This 
is the scheme shown in Figure 9. The memory address reg- 
ister, data buffer and address decoder are required for any 
memory, static or dynamic. The 9642 multiplexes the 14-bit 
address for the dynamic memories, seven bits at a time. 
The memories require two strobes: a row address strobe 
(RAS) and a column address strobe (CAS)._ln_the scheme 
sho wn, a ll memory chips receive the same CAS strobe, but 
the RAS strobe depends on the address. The strobes are 
sequenced usi ng a co mbination of F9445 timing signals 
(STRBA, SYN, STRBD) and other signals generated by a 
74164 shift register. 
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Fig. 8 F9445 Input/Output Connection Scheme (1 of 2) 
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Fig. 8 F9445 Input/Output Connection Scheme (2 of 2) 
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Fig. 9 F9445 Dynamic Memory Connection Scheme 
Dynamic Memory Timing 
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Notes 

1 - D IN connected to D UT connected to Data Bus. 

2. All F16K devices have the same addre ss li nes and CAS, WE line. 

3. Each bank of 16 F16K has a separate RAS line (4 banks). 

4. Each slice of 4 F16K is connected to a separate data bus line (16 slices). 
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The memory requires refreshing" every 2 ms. The 9642 
contains a 7-bit refresh counter. Every 15.63 ms (2/128), the 
memory controller enters "refresh" mode. This is syn- 
chronized with SYN to avoid any conflict. Another 74164 
shift re giste r controls the refresh timing which requires 
only an RAS strobe. After the refresh cycle, the refresh 
counter is incremented and the normal memory timing is 
resumed. 

The refresh cycle takes place when needed and may take 

(jiauc uuiuiy iiuirniciuuiy (jiui^cooui oyuica. 111 n icsc uaoco, 

the processor is not halted, and the refresh cycle is over- 
lapped. 

Different memory types have different speed requirements. 
These requirements can be met by changing the "taps" on 
the 74164 shift registers. 

Console Control 

On an application board, a minimal console is usually re- 
quired. The APL (automatic program load) function can be 
easily implemented by pulsing the Console Request line 
LOW. There are no critical timin n requirements since this 
signal is latched internally. The F9445 will continue to exe- 
cute APL commands until the Console Request is raised. 
Since the bus must be HIGH for the APL to execute cor- 
rectly, bits 5 and 6 of the bus may be tied to +5 V through 
3 kO resistors as pullups. 

For debugging and evaluation purposes, a console is a 
very useful tool, !t gives complete control of the processor 
independent of software and memory operation. 

Since the console commands are microprogrammed into 
the F9445, a full console design is fairly simple, the 
simplest full console uses the F9470 console-controller cir- 
cuit, which drives an RS232 terminal and contains two se- 
rial I/O ports and a timer. The F9447 I/O controller can also 
be used to provide some console functions. 

Interfacing to standard switches and lamps requires switch 
debouncing and encoding operations. The circuit shown in 
Figure 10 uses R-S latches for switch debouncing and an 
FPLA (93409) for switch encoding. 



An address latch is strob ed on e very STRBA, and a data 
latch is strobed on every STRBD except "console code 
read." This results in the correct display on the lamps. The 
data switches are enabled with "console data read." 
A Single-Step function is included. This function requires 
two additional latches, plus some decode logic, and im- 
plements a Continue followed by a Halt. 



The Console Request is set whenever any operation switch 
is pressed and is reset when the console code is read from 
the FPLA. The circuit provides for control of two pro- 
cessors sharing the same bus. 

All the switches are momentary-action type except the data 
switches and the select-processor switch. 

A full listing of the FPLA is shown in Table 2. 

l llC UUIIOUIC fJIWIVJCO cm i c/-t-t^ uuiiouic iuii^uvjiio, miuiuu - 

ing Self-Test, plus the additional function of Single-Step, 
and is compact enough to be implemented with all 
switches, lamps, logic and connectors on a double-sided 
17 1 /2-by-5 1 /2-inch printed-circuit board. 



Table 2 Console PLA Listing 







*A 


LLLLLLLL 


*P 00 *l 


-H-HHHHHHHHHL 


*F 


A-- 


*P 01 "I 


-H-HHHHHHHHL 


*F 


--A--A-- 


*P 02 *l 


-H-HHHHHHHL 


*F 


--AA-A-- 


*P 03 *l 


-H-HHHHHHL H-- 


*F 


AA-- 


*P 04 *l 


-H-HHHHHHL L-- 


*F 


AA-A 


*P 05 *l 


-H-HHHHHL 


*F 


--A-AA-- 


*P 06 *l 


-H-HHHHL H-- 


*F 


AAA-- 


*P 07 *l 


HL-H L H-- 


*F 


AAA-- 


*P 08 *l 


HL-H L L-- 


*F 


AAA-A 


*P 09 *i 


HL-H L L-- 


*F 


AA-A 


*P 10 *l 


HL-H L H-- 


*F 


AA-- 


*P 11 *l 


-H-HHHHL L-- 


*F 


AAA-A 


*P 12 *l 


-H-HHHL 


*F 


--AAAA-- 


*P 13 *l 


-H-HHL 


*F 





*P 14 *l 


-H-HL 


*F 


A- 


*P 15 *l 


|_ 


*F 


AA- 


*P 16 *l 


HL-H 


*F 


A- 


*P 17 *l 


LL-H H 


*F 


AA- 


*P 18 *l 


-H-HHHHHHHHHH 


*F 


AA- 


Key for Table 2: 






*A 


= Active level of outputs 






*P 


= Product term number 






*l 


= Inputs 






*F 


= Outputs 






- 


= Don't care 






H 


= High level 






L 


= Low level 






A 


= Active 
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Fig. 10 F9445 Console Connection Scheme (1 of 3) 
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Fig. 10 F9445 Console Connection Scheme (2 of 3) 
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Fig. 10 F9445 Console Connection Scheme (3 of 3) 



A 



L8 | ^ 270 



(HUN) B ^o -|^ VA 

(CARRY) B ^O |q W* 

L10 .\ 2 7 o 

(ion) b — ^o iq \\\ , 

7404 ^ \ 
(RUN) A ^O id WV— - ' 

7404 L4> 
(CARRY)A ^O jq WV 1 

7404 L3 \ 
(ION)A ^O -Id WV 



t^D 




^ 



^L 



^ 



DS1 — 



S 



^ 



^ 



^TL 



^ 



DS5 ■=■ 



^ 



^ 



DRIVER/ 
BUFFER 



E, E 2 



74LS00 DS7 "=" 



'4 tt; 7 



12 _ 8 



IBe 



DATA LAMPS 
\ 



Do Oo 

74LS373 

Di Oi 

OCTAL 
LATCH 




D 5 Os Id WV IBs — 

\ 
D 6 Oe Id — Wi ' IB 6 



Do Oo 

74LS373 



OCTAL 
LATCH 



D3 O3 



ADDRESS LAMPS 

\ 270 +5V 




Ds Os 



■>- 



~fe°~, 



Oo- 



J>- 



^ 



*~ZL 



c: 



<; 



^ 



P~ZL 
Dsn — 



S, 



DS12 ■=■ 



^ 



i 6 



DRIVER/ 
BUFFER 




n 



LE OE 

Do Oo 



Di Oi 

OCTAL 
LATCH 



D 2 O2 



D 3 O3 



— Id — VW TBq - 



^H^"— 



_ 14 
IB13 



LE OE 

Do Oo 



D, O 

OCTAL 
LATCH 



D; Oj 



D3 O3 



— Id WV r 

\ 

Id — Wv 



D 5 Os 



D 6 Oe 



\ 



^-VW- 



DS15 -± 
DATA SWITCHES 



28 



F9445 



A Multiprocessor Scheme 

There are many ways to envision two or more processors 
working concurrently. The method of interconnecting the 
processors depends on the application and the perfor- 
mance objectives. Listed here are a few of the options. 

Independent Operation 

For those processors which can be made to run indepen- 
dent tasks, this provides the most efficient scheme. Each 
processor has independent memory and resources. 

Shared I/O 

Each processor has its own memory but shares an I/O bus. 
This allows high-speed operation while minimizing system 
resource requirements. 

Local and Common Memory 

This gives a good compromise between performance and 

resource requirements. Each processor normally runs from 

its own memory at high speed. Accesses to a common 

memory are rarer and, because of the arbitration problems, 

slower. 

Tightly Coupled 

Two or more processors share the same memory and I/O. 

This scheme is easiest to implement but, because of the 



completely shared resources, does not give as high per- 
formance as the Local and Common Memory scheme. 
However, for certain applications and for two processors 
only, this scheme can give a considerable performance in- 
crease over a singie-processor system with very iittie 
hardware overhead. This scheme is described in the follow- 
ing paragraphs. 

A general scheme for two tightly coupled F9445 
processors is shown in Figure 11. The processors share 

ex uwi I ii I ivji I uuo ai iu aii aiuuci ogiouio wmiv/m pivvyoaowi 

uses the bus and multiplexes the control lines 
accordingly. The I/O arbitration scheme is very simple: 
each processor assigns the bus to the other processor 
when it co mmences a ny cycle that does not use the bus, 
as long as BUSLOCK is not set. 

The scheme is most efficient when the instruction mix in- 
cludes many "long" instructions, such as Multiply, Divide, 
Parametric Shift and Normalize. Since only one processor 
is using the bus at any time, the synchronization signals 
RDYA and RDYD can be the sa me for bo th processors. 
However, the interru n t request 'INTREQ^ and data-channel 
request (DCHREQ) lines should be separate to avoid any 
conflicts in I/O handling. 



Fig. 11 A Possible General Multiprocessor Scheme 
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F9445 Instruction Execution Times 





Clock 


Execution Times 














Instruction 


Cycles 


16 MHz 


20 MHz 


24 MHz 


Notes 


COM 


6 


0.375 


0.3 


0.25 




NEG 


6 


0.375 


0.3 


0.25 




MOV 


6 


0.375 


0.3 


0.25 




INC 


6 


0.375 


0.3 


0.25 


Times for no-skip or unfulfilled skip; 


ADC 


6 


0.375 


0.3 


0.25 


for fulfilled skip; add 0.3 (0.25 at 


SUB 


6 


0.375 


0.3 


0.25 


24 MHz i 


ADD 


6 


0.375 


0.3 


0.25 




AND 


6 


0.375 


0.3 


0.25 




OR 


6 


0.375 


0.3 


0.25 




MUL 


70 


4.375 


3.5 


2.9 




MULS 


70 


4.375 


3.5 


2.9 




DIV (Normal) 


86 


5.375 


4.3 


3.6 




DIV (Overflow! 


14 


0.875 


0.7 


0.58 




DIVS (Normal) 


114 


7.125 


5.7 


4.7 




DIVS (Overflow) 


26 


1.625 


1.3 


1.1 




NORM 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.17n 


n = number of steps needed for 
normalization. Time is 0.7 (0.59) if n=0. 


SLLD 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.17n 


n = number of shifts; 


SALD 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.1 7n 


time is 0.7 (0.59 1 if n=0. 


SARD 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.1 7n 




SLRD 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.17n 




SKNV 


14 


0.875 


0.7 


0.58 




JMP 


6 


0.375 


0.3 


0.25 


Times for page-zero addressing; add 


JSR 


6 


0.375 


0.3 


0.25 


0.3 (0.25) for indirect; add 0.3 (0.25 1 


ISZ 


22 


1.375 


1.1 


0.92 


for auto-increment/decrement; add 


DSZ 


22 


1.375 


1.1 


0.92 


0.2 i0.18> for indexed. 


LDA 


12 


0.75 


0.6 


0.5 




STA 


12 


0.75 


0.6 


0.5 




LDB 


24 


1.5 


1.2 


1.0 




STB 


26 


1.625 


1.3 


1.1 




PSHA 


16 


1.0 


0.8 


0.67 




POPA 


16 


1.0 


0.8 


0.67 




PSHF 


16 


1.0 


0.8 


0.67 




POPF 


16 


1.0 


0.8 


0.67 




POPJ 


16 


1.0 


0.8 


0.67 




PSHR 


16 


1.0 


0.8 


0.67 




TOPR 


16 


1.0 


0.8 


0.67 




TOPW 


16 


1.0 


0.8 


0.67 




MTSP 


6 


0.375 


0.3 


0.25 




MTFP 


6 


0.375 


0.3 


0.25 




MFSP 


6 


0.375 


0.3 


0.25 




MFFP 


6 


0.375 


0.3 


0.25 




SAV 


60 


3.75 


3.0 


2.5 




RET 


80 


5.0 


4.0 


3.3 




DSP 


6 


0.375 


0.3 


0.25 




NIO 


12 


0.625 


0.6 


0.5 




SKP 


16 


1.0 


0.8 


0.67 




DIA/B/C 


12 


1.0 


0.6 


0.5 




DOA/B/C 


12 


1.0 


0.6 


0.5 




ETRP 


10 


0.625 


0.5 


0.42 




DTRP 


10 


0.625 


0.5 


0.42 




E64K 


10 


0.625 


0.5 


0.42 




D64K 


10 


0.625 


0.5 


0.42 





Note: Execution times are given for 20 MHz and 24 MHz clock. The clock may be operated from > to 24 MHz within the specified temperature and voltage range. 
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Fig. 12 ALU Cycle Timing 4 
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Fig. 13 Minimum Memory Cycle Timing 4 
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IB (11-26) READ 



IB (11-26) WRITE 



STRBD (6) 




TC(IBD)x 



TC(IBD)z 



*See Timing Parameter Symbol Conventions at end of data sheet. 
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Fig. 14 Extended Memory Cycle Timing 4 



F9445 



SYMBOL AND 
(PIN #) 



CLK (40) 



0^(34), Oi (35) 
M (36), W (1), 
BUSREQ (38) 



SYN (7) 



WAIT RDYA GENER- WAIT RDYD 

FOR RECOG- ATE FOR RECOG- 

RDYA NIZED STRBD RDYD NIZED 



STRBA (5) 



RDYA (4) 



IB (11-26) READ 



IB (11-26) WRITE 



STRBD (6) 



RDYD (8) 




■TC(O)- 



X 



TC(S)- 



> 



> 



r 



TC(SA) 



TRA(C) 



/ 



-TC(IBA) — A 



c 



■*— TC(IBA)— *\ 
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'See Timing Parameter Symbol Conventions at end of data sheet. 
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Figure 15. Bus and Status Control Timing* 



SYMBOL AND 
(PIN ») 



CLK (40) 



SYN (7) 
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*See Timing Parameter Symbol Conventions at end of data sheet. 
* * If this DCH REQ set-up time is missed, it is not recognized for another complete cycle. 
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Guaranteed Operating Ranges 



Part Number 


Supply Voltage (V cc ) 


Ambient 




Min 


Typ 


Max 


Temperature 


F9445DC 
F9445DM 


4.75 V 
4.5 V 


5.0 V 
5.0 V 


5.25 V 
5.5 V 


0to+75°C 
-55to+125°C 



DC Characteristics 

(Over guaranteed operating ranges unless other wise noted. 
li N j(min) = 300 mA; l| NJ (max) = 400 mA 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Test Conditions 


V, H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V IL 


Input LOW Voltage 






0.8 


V 


Guaranteed Input LOW Voltage 


V C D 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


V cc = Min, l, N = - 18 mA, l INJ = 300 mA 


V H 


Output HIGH Voltage; RUN, CARRY, 


2.4 


3.4 




V 


V cc = Min, Iqh = -400 juA, l INJ = 300 mA 




INTON, SYN, STRBD, BUSREQ, STRBA, 
Oo.d.M 




V H 


Output HIGH Voltage; iB (0 . 15) , W 


2.4 


3.4 




V 


V cc = Min, l 0H = - 1 .0 mA, l INJ = 300 mA 


Vol 


Output LOW Voltage 




0.25 


0.5 


V 


V cc = Min, Iq L = 8.0 mA, l, NJ = 300 mA 


I.h 


Input HIGH Current; DCHREQ, INTREQ, 




2.0 


40 


/llA 


V cc = Max, V IN = 2.7 V, l )NJ = 300 mA 




CLK, MR, RDYA, RDYD, ABORT, 
CONREQ, BUSGNT 




I.H 


Input HIGH Current; IB,^, (3-state) 




5.0 


100 


jaA 


V cc = Max, V m = 2.7 V, l, NJ - 300 mA 


I.H 


Input HIGH Current; All inputs 






1.0 


mA 


V C c = Max, V IN = 5.5 V, l INJ = 300 mA 


l,L 


Input LOW Current; All Inputs 




-0.21 


-0.4 


mA 


V cc = Max, V IN = 0.4 V, l INJ = 300 mA 


'OZH 


Output OFF State (High Impedance) 
Current IB . 15 „ W 






100 


juA 


V cc = Max, V 0UT = 2.4 V, l INJ = 300 mA 


loZL 


Output OFF State (High Impedance) 
Current IB lCM5 




-210 


-400 


yU-A 


V cc = Max, Vqut = 0.4 V, l INJ = 300 mA 


'OZL 


Output OFF State (High Impedance) 
Current; W 






-100 


(jlA 


V C c = Max, V 0U T = 0.5 V, l, NJ = 300 mA 


'OSH 


Output Short Circuit Current; All 
Outputs Except BUSLOCK 


-15 




-100 


mA 


V cc = Max, Vqut = 0.0 V, l, NJ = 300 mA* 


'loh 


Output Leakage; BUSLOCK 






1.0 


mA 


V cc = Min, Vqh = 5.25 V, l INJ = 300 mA 


'CC 


Supply Current 




160 




mA 


V cc = Max, l, NJ = 300 mA 


v INJ 


Injector Voltage 




1.3 




V 


li NJ = 400 mA 



*Not more than one output to be shorted at a time. 
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AC Characteristics 

T A = to 75°C; V cc = 4.75 to 5.25 V; l INJ = 300 mA; C L = 1 5 pF. 

Input conditioning: Rise Time = 6 ns; Fall time = 6 ns; Amplitude = to 3 V 



icici iu o/iiiuui ^/i/iiraMiu/io ai n ic ci iu ui iiiio uaia 01 iccl iui cajjicii icuiui I ui n ic iiiniiiy fjaiauicici o) 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


TC(0) 


Propagation delay, CLKtoO , 1; M 




60 




ns 


TC(S) 


Propagation delay, CLK to SYN 




30 




ns 


t<~aaa 






70 




ne 


TC(W)z 


Propagation delay, CLK to W going 3-state 




70 




ns 


TC(IBA) 


Propagation delay, CLK to IB( . 15) , address 




60 




ns 


TWIQA\-» 


r i ufjciyauui i uciay, oi_r\ iu 10(0.15;, auuicss, yuniy o-oiaio (icau 

cycle) 








ns 


TC(SA) 


Propagation delay, CLK to STRBA 




30 I 


ns 


TC(IBD) 


Propagation delay, CLK to IB (0 -15), data out 




75 I 


ns 


TC(IBD)z 


Propagation delay, CLK to IB, -i5), data out, going three-state 




35 | 


ns 


TC(SD) 


Propagation delay, CLK to STRBD 




25 




ns 


TRA(C) 
TC(RA)x 


Setup time, RDYA to CLK 

1 iv/hj 111110, v->i_r\ iu ill— ' Trt 




3 
10 




ns 

■ 10 


TRD(C) 
TC(RD)x 


Setup time, RDYD to CLK 
Hold time, CLK to RDYD 




2 
10 




ns 
ns 


TIBD(C) 


Setup time, IB (0 -15), data in, to CLK (read or fetch cycle) 




75 




ns 


TC(IBD)x 


Hold time, IB (0 -i5),datain, after CLK (read or fetch cycle) 




25 




ns 


TREQ(C) 


Setup time, INTREQ, DCHREQ, CONREQ, MR to CLK, all 
are the same timing relative to S5 




15 




ns 


TC(REQ)x 


Hold time, INTREQ, DCHREQ, CONREQ, MR after CLK, all are 
the same timing 




20 




ns 


TDRh(C) 


Data channel (DCHREQ) off setup time from CLK (to finish 
data-channel cycle) 




100 j 

I 


ns 


TA(C) 


Setup time, ABORT to CLK 




30 | 


ns 


TC(BL)1 


Propagation delay, CLK to BUSLOCK going LOW 




35 i 


ns 


TBG(C) 
TC(BG)x 


Setup time, BUSGNT to CLK 
Hold time, CLK after BUSGNT 




10 
10 




ns 
ns 


TC(R) 


Propagation delay, CLK to RUN 


I 80 

i 


I ns 

i 


TC(CY) 


Propagation delay, CLK to CARRY | 


50 


| ns 


TC(INT) 


Propagation delay, CLK to INTON j 


50 


j ns 


TC(BR) 


Propagation delay, CLK to BUSREQ 




40 


| ns 
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Timing Parameter Symbol Conventions 

The abbreviated symbols used for ac characteristic timing parameters in this data sheet are defined as follows: 

The timing symbol convention is: TAb(C)d 

The timing symbols all begin with the letter "T". 

The second position, represented by "A", indicates the signal node beginning the interval. 

The position "b" defines the direction of signal transition at the beginning node "A", if such definition is necessary; the new 
state of the signal may be: I = Low; h = High; z = 3-state; x = Don't care; v = Valid 

The position "C", which always appears within parentheses, indicates the signal node ending the interval. 

The position "d" is the same as "b" but refers to the state of the signal at the node indicated by the mnemonic in position "C". 



Package Information 
40-Pin Ceramic Dual In-Line 

I 2.075 152.7051 

r 2030 151 562>~ 



AAAAAAAAAAAAAAAAAAAA 



.025 R 

' 6354' 



.565(14 351) 
.510H2 954' 







Note 

All dimensions in inches bold and millimeters (parentheses) 

Package material is alumina 

Sealing material is vitreous glass 

Package weight is 12 grams 

Mil M38510 lead finishes are available. 



Connection Diagram 
40-Pin DIP (Top View) 



wrz 


r^-^^ 


~JCLK 


BUSLOCK CZ 


2 

3 


39 
38 


~ ] CARRY 


BUSGNT C 


_J BUSREQ 


rdyaC 


* 
5 

6 


37 
36 
35 


~ Jrun 


STRBA l_ 


~Jm 


STRBD |_ 


~JOi 


SYN C 


7 


34 


30o 


rdydCZ 


8 


33 


~ Jmr 


GNDr - , 


9 


32 


J ABORT 


llNJ CI 


10 
11 


31 
30 


~J Vcc 


IB15C 


J INTREQ 


IBuf— , 


12 


29 


Z 1 DCHREQ 


IB13C 


13 


28 


~J CONREQ 


IB12C 


14 


27 


~ ] INTON 


IBnC; 


15 


26 


ZJTbo 


IB10C 


16 


25 


~JiBi 


IB9C 


17 


24 


~JiB 2 


IBbC 


18 


23 


3Tb 3 


iB?C 


19 


22 


~JlB4 


IBeC 


20 


21 


~J1b 5 



Ordering Information 



ORDER CODE 


SPEED 


TEMPERATURE 


F9445-24 DC 
F9445-24 DM 
F9445-24 DMQB 


24 MHz 
24 MHz 
24 MHz 


0°Cto+75°C 
-55°Cto+125°C 
-55°Cto+125°C 


F9445-20 DC 
F9445-20 DM 
F9445-20 DMQB 


20 MHz 
20 MHz 
20 MHz 


0°Cto+75°C 
-55°Cto+125°C 
-55°Cto+125°C 


F9445-16 DC 
F9445-16 DM 
F9445-16 DMQB 


16 MHz 
16 MHz 
16 MHz 


0°Cto+75°C 
-55°Cto+125°C 
-55°Cto+125°C 



For other temperature ranges, contact Fairchild Sales Office. 
All packages are Ceramic DIPs 



Fairchild cannot assume responsibilty for use of any circuitry described 
other that circuitry embodied in a Fairchild product. No other circuit 
patent licenses are implied. 



Manufactured under one of the following U.S. Patents: 2981877, 3015048, 
3064167, 3108359, 3117260; other patents pending. 



FAIRCHILD 

A Schlumberger Company 
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Dynamic Memory Controller 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F9446 Dynamic Memory Controller (DMC) is 
designed to support a variety of memory configurations and 
provide an interface between 16K and 64K memory chips 
and the F9445 central processing unit (CPU). It provides a 
16-bit memory address register (MAR), an address 
multiplexer for the row, column, and refresh addresses, a 
timing generator for the row and column strobe signals and 
the write enable signal (RAS-CAS-WE), mode arbitration, 
and page mode logic. It is implemented in l 3 L® bipolar 
technology with low-power Schottky-compatible inputs 
and outputs. 



Connection Diagram 



16-bit Memory Address Register 

Ability to Accommodate a Variety of Memory Speeds 

16K or 64K DRAMs 

Automatic Page Mode 

Internal Refresh Address Counter 

Row/Column/Refresh Multiplexer 

Complete Memory Timing Signals 

Three-state Outputs for Multiport Memories 

Internal Refresh Rate Timer 

Low-power Schottky-compatible I/O 

l 3 L Bipolar Technology 

64-Pin DIP 

Operating Temperature Range of from 

-55°Cto +125°C 



Ai C 


1 


64 


3v cc 


A 2 C 


2 


63 


3Aq 


A3 C 


3 


62 


3ras 


A4 c 


4 


61 


3^ 


A5 c 


5 


60 


3RS52 


As C 


6 


59 


3ra§3 


a 7 c 


7 


58 


3cas 


IB C 


8 


57 


3wE 


IB 1 C 


9 


56 


36S 


IB 2 C 


10 


55 


3 mbDsreQ 


Tb 3 C 


11 


54 


3 MBUSGNT 


!B 4 C 


12 


53 


3 RDYD 


!B 5 C 


13 


52 


3 PAGE 


lB 6 C 


14 
15 


51 
50 


3 DLYRAS 


IB7 c 


_J DLYCAS 


gndC 


16 


49 


3 DLYEND 


IBs C 


17 


48 


3gnd 


1b 9 c 


18 


47 


3RFSH 


»ioC 


19 


46 


3RDYM 


IB11C 


20 


45 


3 DLYCOL 


!B 12 !~ 


21 


44 


3 WRITE 


IB13C 


22 


43 


3CLK 


■B14LI 


23 


H£ 


33TATiC 


IBisC 


24 


41 


3 STRBA 


As c 


25 


40 fa SPEED 1/256K 


A9 c 


26 


39 bsPEEDO/RMW 


A10 c 


27 


38 □ MEX 


An c 


28 


37 p TIMODE 


A12 c 


29 


36 □ BANKS 


A13 c 


30 


35 □ REFMODE 


A14 C 


31 


34 □ TYPE 


INJ C 


32 


33 


p A 15 



Fairchild Camera and Instrument Corporation, Microprocessor Division 
3420 Central Expressway, Santa Clara, California 95051 
(408) 773-1 000 TWX M I C PS NTA 



©1982 Fairchild Printed in U.S.A. 4027-038-A-23-022 5M 501983 
March 1982 Fairchild reserves the right to make changes in the circuitry 
or specifications at any time without notice. 
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Signal Descriptions 



CLOCK 



CPU 
HANDSHAKE 



MEMORY HANDSHAKE 



MEMORY BUS 
CONTROL 



INFORMATION BUS < 



OPTIONAL 

DECODED 

INPUTS 



MEMORY 
STROBE 



CLK 
STRBA 
RDYD 
MEX 

RDYM 



MBUSREQ 
MBUSGNT 

1B 15 

1j»14 

IB13 
1B 12 
IB11 
IB10 
IB9 
1B 8 
1B 7 
1B 6 

1B 5 
1B 4 

1B 3 
13 
IB, 
1Bo 



STATIC 
RFSH 

RA§ 3 

RAS2 
R55, 
RASq 



Ai 5 
A 14 
A13 
A12 
An 
A10 
A9 
As 
A 7 
Ae 
A5 
A4 
A3 
A 2 
A1 
Ao 

PAGE 

REFMODE 

TIMODE 

BANKS 

TYPE 

SPEEDq/RMW 

SPEED,/ 256K 

DLYRAS 

DYLCOL 



DYLCAS 
OLYEND 

CS 



WRITE 
Vcc 

l|NJ 
GND 
GND 



\ MEMORY ADDRESS 



V STRAPS FOR MEMORY TYPE 



"* ( SPEED SELECTION 



CHIP SELECT 



READ/WRITE 



POWER 



The F9446 incorporates an address multiplexer and memory 
timing generator for use with both static and dynamic 
memories. The multiplexer selects between row and col- 
umn segments of the internal 16-bit memory address 
register (MAR) or an internal refresh address counter (RAC). 
The upper two address bits provide bank information, while 
the lower seven, eight, or nine address bits are multiplex- 
ed to provide row, column, and refresh address. Assertion 
of the static line supresses row/column multiplexing of 
the memory address register outputs, which then provides 
the full 16-bit address. 

The memory timing sequence is initiated by the memory ex- 
ecute signal; it may be inhibited or aborted by removal of 
the chip select signal. Once started, the memory timing se- 
quence is automatic. A choice of four speed grades accom- 
modates a variety of memory access times, and external 
controls may be used to further modify the timing. 

The four individual RAS lines accommodate from one to 
four banks of memory chips, with automatic satisfaction of 
precharge requirements for memory access and refresh, in 
page mode or not, with distributed refresh or bulk refresh. 

Refreshes are initiated to satisfy a rate of 128 per 2 ms per 
RAS bank. For short intervals, they may automatically be 
deferred until nonmemory CPU cycles; this makes them 
semi-transparent. 

A memory bus request and memory bus grant are provided 
to govern 3-state control of memory interface signals for 
multiport or DMA purposes. 



Fairchild cannot assume responsibility for use of any circuitry described 
other than circuitry embodied in a Fairchild product. No other circuit 
patent licenses are implied. 



Manufactured under one of the following U.S. Patents: 2981877, 3015048, 
3064167, 3108359, 3117260; other patents pending. 



FAIRCHILD 

A Schlumberger Company 
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I/O Bus Controller 



Advance Product Information 



Microprocessor Product 



Description 

The F9447 I/O Bus Controller (IOC) is used with the 
F9445 l 3 L® 16-Bit Bipolar Microprocessor to demultiplex 
the I/O instruction and data of the information bus (IB). It 
provides all the timing and decode signals required for 
programmed or data channel (DCH) input/output to 
peripheral device controllers. In the NOVA® -compatible 
mode, the F9447 provides all the timing and signals 
required by that I/O bus. For DCH transfers, address 
generation and handshake can be handled by the F9449 
Multiple Data Channel Controller. 



Signai Functions 



CLOCK {■ 



CPU 
HANDSHAKE 



MEMORY , 
HANDSHAKE 



CPU CYCLE 
TYPE 



CYCLE 
ENABLE 



PERIPHERAL 

TIMING 

MODE SELECT 



I/O 

INSTRUCTION 

FIELD 



RESET* 



DONSOLE/IO SELECT ■ 



GLOBAL = H 
CONSOLE I . 
CONTROL j 
INPUT v 



GLOBAL = L 

I/O PORT 

STATUS INPUT 



CLK 
SYN 



STRBA 
RDYA 



STRBD 
RDYD 

RDYM 
ME 

M 
Oi 
Op 
w 

IOPRI 
IOCS 
DS77 
IOENA 



DCHREQ 
w 2 

Wo 

IBs 
IBfi 
IB 7 
IB 8 
IB 9 

MR 

MRCAP 

GLOBAL 



CONSW 
CONSTP 



APLSW 



»cc 



MSKBIT 
STRBSY 
STRBDN 
INTPIN 



Vcc 



DIA 
BIB" 
DTC 
INTX 
SKP 

DOA 

DOB 

DOC 

IORST 

MSKO 



START 



CLEAR 



PULSE 



DSEN 
!OEX 



IOBSY 



DCHEX 
DCHA 

dchT 

DCHO 
DCHMO 
RQENB 

DIEN 
DOEN 



CONEN 



CONREQ 



CONCD 



APLEN 



-INPUT 



. PROGRAMMED 

l IIA 



- > OUTPUT STROBES 



> CONTROL 



I/O HANDSHAKE 



DATA CHANNEL 
HANDSHAKE 



I/O SYNCHRONIZATION 
[DATA BUFFER CONTROL 



CONLD 



TtT 



GND 



BUSY 

DONE 

INTPOUT 



CONLD 



■inj GND 



CONSOLE 
CONTROL 
OUTPUT 



I/O PORT 



*► STATUS OUTPUT 



• Interfaces Directly to the F9445 

• Controls Standard and High-Speed NOVA-Compatible 
Data Channels 

• NOVA-Compatible or F9445 I/O and Data Channel 
Timing 

• Complete NOVA-Compatible I/O Bus Interface 

• Automatic Program Load 

• Power-Up Reset Delay 

• Console Interface 

• Local Busy/Done/Interrupt Logic 

• Low-Power Schottky-Compatible I/O 

• 64-Pin DIP or Optional Chip Carrier Package 

• l 3 L Technology 

• Operating Temperature Range of from -55°C to 
+ 125°C 



Connection Diagram 



IOPRI C 


1 64 

2 63 


=3 
3 


Vcc 


CLK C 


CONEN (MSKBIT) 


CORED C 


3 
4 
5 


62 
61 
60 


3 
3 


CLEAR 


(INTPOUT) APLEN t 


START 


(BUSY) CONREQ Ci 


PULSE 


(DONE) CONCD l_ 


6 


59 


3 DOA 


RQENB C 


7 


58 


3 DOB 


GLOBAL C 


8 


57 


3 DOC 


55/7 C 


9 


56 


U 


IB9 


MC 


10 


55 


u 


fB" 8 


wC 


11 


54 


2 


IB7 


(STRBDN) CONSTP l_ 


12 


53 


3 


IB 6 


MR L^ 


13 
14 


52 
51 


—1 
3 


•B 5 


(INTPIN) APLSW t 


IORST 


(STRBSY) CONSW ^ 


15 


50 


3 


SKP 


GND C 


16 
17 


49 
48 


3 
3 


iNTA 


MRCAP L- 


GND 


DCHA C 


18 


47 


3 


MSKO 


DCHO C 


19 


46 


3 5K 


DCHI C 


20 


45 


3 


DIB 


DIEN C 


21 
22 
23 


44 
43 
42 


3 

3 
3 


DlC 


DCHREQ l_ 


IOEX 


DCHMO ^ 


STRBD 


IOCS c 


24 
25 


41 
40 


3 
3 


SYN 


DOEN L_ 


STRBA 


DSEN C 


26 


39 


=1 


RDYD 


IOBSY t 


27 


38 


B 


RYDA 


RDYM C 


28 
29 


37 
36 


| 


o 


DCHEX |_ 


O1 


IOENA C 


30 


35 


□ 


Wo 


ME C 


31 


34 


p 


W1 


INJ C 


32 


33 


P 


w 2 



® l 3 L is a registered trademark of Fairchild Camera and Instrument 

r.nrr> 

® NOVA is a trademark of Data General Corporation. 



Fairchild Camera and Instrument Corporation, Microprocessor Division 
3420 Central Expressway, Santa Clara, California 95051 
(408) 773-1000 TWX MICPSNTA 



©1982 Fairchild Printed in U.S.A. 4027-039-A-23-022 5M 501985 
March 1982 Fairchild reserves the right to make changes in the circuitry 
or specifications at any time without notice. 
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The F9447 I/O controller is a decoder and timing 
generator for programmed I/O instructions and data 
channel transfers. The timing sequence is selected via a 
three-bit control code, W -W 2 . Additional logic is 
included to implement either the basic console interface 
or a busy/done/interrupt function. A hysteresis circuit for 
deriving a power-on-reset, from an external capacitor to 
ground, is also included. Figure 1 is a typical block 
diagram of the F9447 I/O controller. Figure 2 shows how 
the F9447 can be used with the F9445 system. 

Signal Description 

Table 1 describes the F9447 signals. 



Figure 1 F9447 Block Diagram 
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Figure 2 System Configuration 
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i/O BUS 

CONTROLLER 



IOEX 

DSEN 

DS77 

IOCS 

IOBSY 

DIA 

DJB 

DlC 

INTA 

DOA 

DOB 

DOC 

IORST 

MSKO 

START 

CLEAR 

PULSE 

ROENB 

DCHEX 

DCHA 

DCHI 

DCHO 
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ST 
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DEV. 
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Table 1 F9447 Signal Descriptions 



Mnemonic 



Clock 

CLK 



CPU Handshake 

SYN 
STRBa 

RDYA 



STRBD 



RDYD 



Memory 
Handshake 

RDYM 



ME 



CPU Cycle Type 

M 

o 

W 



Pin No. 



41 
40 

38 

42 

39 



28 



31 



10 



36 
37 

11 



Name 



Clock 



Synchronize 
Strobe Address 

Ready Address 

Strobe Data 

Ready Data 



Ready Memory 



Memory Enable 



Description 



A synchronizing input signal primarily for timing non-F9445 
mode intervals through a state counter clock on alternate 
positive edges. 



Memory 
Lines 
Write 



An input signal from the CPU that maintains system timing. 

An active low input signal that indicates an address portion of 
the CPU cycle (and instruction during I/O execute). 

An active high open-collector output signal that allows the 
CPU to continue beyond the address portion of the cycle. 

An active low input signal that indicates the data portion of 
the CPU cycle. 

An active high open-collector output signal that allows the 
CPU to continue beyond the data portion of the cycle. 



A bidirectional, open collector signal; an active high input 
during a data channel output cycle indicates that the memory 
has fetched the data. An active high output during a data 
channel input cycle indicates to memory that the input data is 
valid and a write may proceed. 

An active low output that modifies the memory controller to 
respond for CPU memory accesses or for data channel cycles 
(ME = M + 1 . O ). 



An active low input from the CPU that indicates a memory 
type of cycle. 

A pair of input signals from the CPU to indicate the type of 
cycle. 

An active low input signal from the F9445 that indicates a 
cycle during which data is to be written to a memory or I/O 
device. 



F9447 



Mnemonic 


Pin No. 


Name 


Description 


Cycle Enable 








iOPRI 


1 


I/O Priority 


An active high input that enables the F9447 to begin an I/O or 
data channel cycle. 


IOCS 


24 


I/O Chip Select 


An active high input enables strobes for busy and done, as 
well as I/O control decodes. 


D3 77 


9 


Device Select 77 


An active low input signal that indicates a decode of IB 10 -IB 15 
all active, a device code 77 (CPU class) I/O instruction. 


IOENA 


30 
22 


I/O Enable 

Data Channel 
Request 


An active high input that, when low, inhibits response by the 
F9447 to any F9445-programmed I/O cycle. Used with multiple 
F9447s to allow disables. 


DCHREQ 


An active low input that indicates there is a data channel 
request. 


Peripheral Timing 
Mode Select 








w 2 

\A/ 

»»1 


33 
34 


Timing Options 


A three-bit input code; the decodes provide a selection of 

timinn fnr I/O anrl rlata nhannfil nvnles. 


W 


35 






I/O Instruction 
Field 








iB 5 ->B9 


52-56 


Information Bus 


Active low input signals from the F9445 containing I/O 
instruction bits 5 through 9 during address phase of I/O 
execute cycles. 


Reset 








MR 


13 
17 


Master System 
Reset 

Capacitive Reset 


An open-collector bidirectional pin that, when pulled low, 
initializes the F9447 and activates IORST. Also an output 




generated by a low level on MRCAP. 


MRCAP 


An active low input with an internal resistive pullup of 10K 
ohms to V cc . 



The F9447 does not modify the F9445 timing for the following control instructions: READS, ION, APL, HALT. 
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Table 1 F9447 Signal Descriptions (Cont'd.) 



Mnemonic 



Console I/O Select 

GLOBAL 



Programmed I/O 
Strobes 

DIA 
DIB 
PIC 
INTA 

SKP 

DOA 
DOB 
DOC 

IORST 



MSKO 



START 
CLEAR 
PULSE 



I/O Handshake 



DSEN 



IOEX 



IOBSY 



DCHEX 



Data-Channel 
Handshake 



DCHA 



DCHI 



Pin No. 



46 
45 
44 
49 

50 

59 
58 
57 

51 



47 

61 
62 
60 



26 



43 



27 



29 



18 



20 



Name 



Global (Local) 



Data-ln-A 

Data-ln-B 

Data-ln-C 

Interrupt 

Acknowledge 

Skip 

Data-Out-A 
Data-Out-B 
Data-Out-C 

I/O Reset 



Mask Out 



Description 



An input that selects one of two uses of the global and local 
modes. 



Active low timing strobe outputs that indicate execution of 
data input instructions. 



Start 
Clear 
Pulse 



Device Select 
Enable 

I/O Execute 



I/O Busy 



Data Channel 
Execute 



Data Channel 
Address 

Data Channel In 



Timing strobe outputs (all active low except active high 
MSKO) that indicate execution of data output instructions. 



An active low output that indicates either a decode of the 
execution of the I ORST instruction or a system reset caused 
by MR or MRCAP active. 



Active-low control outputs that indicate decode and time of 
start, clear, and pulse control functions during programmed 
I/O execution. 



An active low output that enables device select. 



An active low output indicating that the F9447 is involved in 
the execution of a programmed I/O cycle. 

An active low input indicating that another source is using the 
I/O bus. An active low output is provided when the F9447 is 
about to or is executing an I/O cycle. 

An active low output indicating that a data channel transfer 
is in progress. 



An active low timing strobe output that defines address 
transfer time of a data channel cycle. 

An active low timing strobe output that defines data transfer 
in (write to memory) of a data channel cycle. 
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Mnemonic 



Pin No. 



Name 



DCHO 



I/O 
Synchronization 

RQENB 

Data Buffer 
Control 

DiEN 



DOEN 



Console Control 
Input 

CO NSW 



CONSTP 



APLSW 



Console Control 
Output 

CONEN 



CONREQ 



CONCD 



APLEN 



CONLD 



19 



25 



15 



12 



14 



63 

5 
6 



Data Channel Out 



Data Channel 
Mode Out 



Request Enable 



LSCLia III l_ii€iui€ 



Data Out Enable 



Console Switch 



Console Step 



Auto Program 
Load Switch 



Console Enable 

Console Request 
Console Code 



Auto Program 
Load Enable 



Console Load 



Description 

An active low timing strobe that is output during data transfer 
out (write to peripheral) of a data channel. 

An active high input results in data channel output cycles. 



A timing output that synchronizes interrupt and data-channel 



An active low output that enables peripheral data onto the 
F9445 information bus during programmed I/O or data-channel 
input cycles. 

An active low output that enables information bus data onto 
the peripheral data bus during programmed I/O or data- 
channel output cycles. 



An active low input with internal 2.4K-ohm pullup resistor to 
V cc and digital delay of approximately 3 ms to eliminate 
contact bounce. 

An active low input with characteristics of CONSW that 
initiates a console request lasting for two console code cycles 
of the F9445. 

An active low input with characteristics of CONSW and 
CONSTP that initiates a console request cycle with APL 
enable active. 



An active low output to enable a console to provide 
information to the IB of the F9445 during a read or write 
operation. 

An active low output to the F9445 to request console service. 

An active low output to enable the console code onto the IB 
of the F9445 in response to a console code cycle of the F9445. 

An active low output initiated by an APLSW input or the 
execution of (DOA ac, CPU) instruction and terminated by the 
execution of a (DOAP ac, CPU) instruction or system reset. 

An active low output to enable the console to latch data from 
the IB of the F9445. 



Table 1 F9447 Signal Descriptions, Cont'd. 
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Mnemonic 



I/O Port Status 
Input 



MSKBIT 



STRBSY 



STRBDN 



INTPIN 



I/O Port Status 
Output 

BUSY 



DONE 



INTPOUT 



CONLD 



Power 



r cc 



INJ 



GND 



Pin No. 



63 



15 



12 



14 



64 
32 

16,48 



Name 



Mask Bit 



Strobe Busy 



Strobe Done 



Interrupt Priority In 



Busy Flag 



Done Flag 



Interrupt 
Priority Out 

Console Load 



Power Supply 
Injection Current 

Ground 



Description 



The local logic contains an interrupt disable flag loaded from 
a select bit of the F9445 information bus during the execution 
of a mask out instruction. The MSKBIT signal is driven by that 
selected bit of the IB; a low level at the beginning of MSKO 
execution sets the interrupt disable flag. 

A negative-going input edge that strobes the BUSY flag to the 
clear state. 

A negative-going input edge that strobes the DONE flag to the 
true state. 

An active high input that determines which peripheral device 
may interrupt. 



An active high output of a flip-flop is set by the execution of 
an l/O-Start cycle with I/O Chip Select (IOCS) high; and 
cleared by a similar l/O-Clear cycle, by a negative transition 
on STRBSY, by execution of an IORST instruction, or by a low 
level on MR. 

An active high output of a flip-flop is set by a negative 
transition on STRBDN; cleared by the execution of an l/O-Start 

or l/O-Clear while I/O Chip Select (IOCS) is high, by the 

execution of an IORST instruction, or by a low level on MR. 

An active high output that determines which peripheral device 
may interrupt. 

An active low output that enables the console to latch data 
from the F9445 information bus. 



Nominal +5 V DC. 

Constant current (80 mA) obtained by using a dropping 
resistor from V cc (nominal V INJ = 1.3 V). Use of bypass 
capacitor to GND is desirable. 

Common power and signal return. 



Fairchild cannot assume responsibility for use of any circuitry described 
other than circuitry embodied in a Fairchild product. No other circuit 
patent licenses are implied. 



Manufactured under one of the following U.S. Patents: 2981877, 3015048, 
3064167, 3108359, 3117260; other patents pending. 
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Programmable Multiport 

Interface 



Advance Product Information 



Microprocessor Product 



Description 

The F9448 Programmable Multiport Interface (PMI) is 64 
pin bipolar l 3 L device that facilitates the interface 
between an F9445 16-bit bipolar microprocessor and 
many industry-standard input/output (I/O) devices. It 
decodes I/O instructions and memory addresses from 
the central processing unit (CPU) to communicate with 
devices tied to its four external ports. When used with 
the F9449 Multiple Data Channel Controller, it handles 
peripheral sc 



cycles. Some of the features of the F9448 are: 

• Four Independent I/O Ports 

• Memory-Mapped and Programmed I/O 

• Interface with Serial, Parallel, DMA, and Other 
Special-Purpose Devices 

• Programmable Peripheral Timing 



Compatibility with Many Industry-Standard Interfaces 

Ability to Implement F9445-Programmed I/O 

Flags 

Interrupt Arbitration and Response Handling 

Fabricated in l 3 L® Bipolar VLSI Technology 

Operating Temperature Range -55° to +125°C 

64-Pin Package 

Low-Power Schottky Compatible I/O 



The F9448 PMI ties the F9445 CPU to many industry- 
standard microprocessor interfaces. It easily links I/O 
devices designed for the F6800 or 8080 buses and those 
directly suitable for the F9445 I/O bus. The system 
configuration in figure 1 shows how the F9448 can be 
used to interface F6800, 8086 family I/O devices or the 
F3870 to the F9445 system. 

® l 3 L is a registered trademark of Fairchild Camera and Instrument 
Corp. 
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Figure 1 System Configuration 
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Registers 

Each port has a 16-bit configuration register and busy, 
done, and interrupt-disable flags. Port 4 also has an 



11-bit memory-base address register used in conjuction 
with memory-mapped I/O. Figure 2 shows the F9448 
program-accessible registers. 



Figure 2 F9448 Software Model 
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I/O Ports 

The F9448 performs selecting and handshaking with 
connected peripheral devices. It has five bidirectional 
ports numbered through 4. Port is used as a 
bootstrap port by the F9445 to read and write, address 
and configuration registers inside the F9448; ports 1 
through 4 are used to communiate with external 
peripheral devices. Ports through 3 respond only to 
programmed I/O instructions; port 4 responds to either 
I/O instructions or memory cycles. This latter feature 
enables a block of up to 4096 memory addresses to be 
used for memory-mapped I/O. 



Transactions between the F9448 and peripheral devices 
are organized using several select, address, and timing 
signals. Out 0-6 signals are shared by all ports, while 
each set of Peripheral Port Controls is associated with a 
specific port. 

Signal Descriptions 

Table 1 describes the signals for the F9448. 



Table 1 F9448 Signal Descriptions 



Mnemonic 



Clock 



CLK 



CPU Handshake 

SYN 



STRBA 



STRBD 



RDYD 



Ready Memory 

RDYM 



CPU Cycle Type 

M 

w 



ABORT 



Pin No. 



45 



40 



38 



39 



52 



53 



49 
50 
51 

37 



46 



Name 



Clock 



Synchronize 



Strobe Address 



Strobe Data 



Data Ready 



Memory Ready 



Memory 

O-Line 

O-Line 

Write 



Abort 



Description 



Input signal from the positive-edge-triggered master clock 
from which all F9448 timing is generated. 



An input signal from the F9445 for synchronizing the F9445 
with external devices. Active during every CPU cycle. 

An input signal generated by the F9445 during external bus 
cycles. 

An input signal generated by the F9445 during data transfer 
time and used by F9448 to organize transfers. 

An active high open collector output signal synchronizing 
F9448 with F9445 during data transfers. A low level stalls the 
F9445 until the peripheral is ready. 



Handshake between the memory controller and F9448 during 
data-channel cycles. Input to F9448 during data-channel read 
from memory; output from F9448 during data-channel write to 
memory. 



Input status lines from the F9445 indicating the type of bus 
cycle. 



An input signal indicating the direction of data transfer on the 
IB. 

A low input signal from the Memory Management and 
Protection Unit that prevents the F9448 from starting another 
cycle but allows completion of the current cycie. 
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Table 1 F9448 Signai Descriptions (Cont'd.) 



Mnemonic 



Device Code 
jumpers 

CSCQ-C0C2 



information Bus 



IB„-IB., 

~ u 1 a 



Interrupt Priority 
Chain 



INTPIN 



INTPOUT 



Master Reset 



Data Buffer/ 
Latches Control 

LE 



BUFENA 



DIRN 



Pin No. 



22-24 



56-63, 1-8 



43 



44 



Peripheral Control 
And Address Bus 



OUT -OUT 6 



Ready Peripheral 

RDYP 



47 



41 



42 



25-31 



54 



Name 



Chip Select Code 



Information Bus 



Interrupt 
Priority Input 

Interrupt 
Priority Output 



Master Reset 



Latch Enable 
Buffer Enable 

Direction 



Outputs 



Ready Peripheral 



Description 



Input signals tied to V cc , GND, SYN, or SYN to define a 6-bit 
device code, DS 10 through DS 15 for port of F9448. 



A 16-bit, three-state address and data bus for transmitting 
information between the F9445 and external devices. 



An input for determining which peripheral device will respond 
to an INTA instruction. 

A priority-signal output from the F9448 to lower-priority 
devices for determining which peripheral device may interrupt. 



An input signal that initializes the F9448 by clearing all F9448 
user-accessible registers to and clearing all busy, done, and 

intarri i r»+_H i^P l"»lo flanc 
illiciiuui-viiSak/iv iiumv. 



An output signal that may be used to load the data from the 
F9445 on the IB into peripheral data bus latches. 

An active low output during memory, I/O, or data channel 
cycles to enable IB transceivers or latches if data is to be 
transferred between the IB and a device controlled by the 
F9448. 

An output signal controlling the direction of any bus 
transceivers on the IB bus between the F9445 and the F9448 
or of any data latches/transceivers between the IB bus and a 
peripheral data bus. __ 



A 7-bit peripheral output control bus that is to be shared by all 
peripheral devices controlled by F9448. 



Open-collector handshake input signal from peripherals to the 
F9448. 
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Table 1 F9448 Signal Descriptions (Cont'd.) 



Mnemonic 



Peripheral Port 
Control 



PS 1 -PS 4 



STRBBZ 1 
STRBBZ, 



STRBDN ^ 
STRBDN, 



DCHACK 1 
DCHACK, 



Power 



r cc 



GND 



■INJ 



Pin No. 



21, 18, 14, 11 



20, 17, 13, 10 



19, 15, 12, 9 



33-36 



64 

16,48 

32 



Name 



Port Select 



Strobe Busy 



Strobe Done 



Data Channel 
Acknowledge 



Power Supply 
Ground 
Injection Current 



Description 



Outputs for selecting the devices being controlled by ports 1 
through 4 of the F9448. 

A low-to-high transition on the STRBBZ input signal clears the 
associated port's busy flag. 

A low-to-high transition on the STRBDN input sets the 
associated port's done flag. 

Active low select inputs from the F9449 data channel 
controller. 



Nominal +5 V DC. 

Ground for both supply and signals. 

A constant current obtainable by use of a dropping resistor 
from V cc (V INJ *13 V) supply. Use of a bypass capacitor to 
GND is desirable. 
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F9449 

Multiple Data 
Channel Controller 

Microprocessor Product 



Description 

The F9449 Multiple Data Channel Controller is a 4-port 
controller that is used with the Fairchild F9445 16-Bit 
Bipolar Microprocessor, and either an F9447 I/O Bus 
Controller or an F9448 Programmable Multiport Interface, 
to control direct data transfer to and from memory by 
peripheral devices. It contains four pairs of program- 
controlled address and word count registers that are 
multiplexed to control four fully independent data 
channels (DCHs) through which data transfers can occur. 
Data channel transfers are similar to direct memory 
access (DMA) channel transfers, except that the F9445 
architecture time-shares its information bus (IB). 

• Provides Control of Four independent Channels 

• Has Separate Word Count and Memory Address 
Registers for Each Channel 

• Supports Byte- or Word-mode Operation on Each 
Channel 

• Performs Internal Priority Arbitration 

• Supports Memory-to-Memory Transfers 

• Implemented in |3|_® Technology, with Low-power 
Schottky TTL-compatible Input and Output 

• Available in a 64-Pin Package, 

• Operating Temperature Range of from -55°C to 
+ 125°C 



Connection Diagram 



IB 7 L 


1 64 ^]Vcc 


IB5C 


2 


63 M IB9 


IB3C 


3 


62 JlBn 


IB1L 


4 


61 


UIB13 


wf^ 


5 
6 

7 
8 


60 
59 
58 
57 


J1B15 


DCHACKi[_ 


^|SYN 


RDYAl 


_|DCHREQ 


STRBD|_ 


_Jme 


STR^ 


9 


56 


^]CLK 


MAREN [^ 


10 


55 


^Jm 


ioen[^ 


11 


54pOi 


psiL 


12 


53 


JOo 


ps 2 E 


13 


52 


I]REQi 


PSaL 


14 


51 


^]req 2 


PS 4 L 


15 


50 


JREQs 


gndQ 


16 


49 


^req 4 


mr"l 


17 


48 


^JGND 


DCHMOi[^ 


18 
19 
20 
21 


47 
46 
45 
44 


^JdCHM0 3 


DCHM0 2 [^ 


_|dchack 2 


DIEN|_ 


_|dchack 3 


BN^L 


_Jdchack 4 


BM2C 


22 


43 


^Jdchpout 


BM 3 [^ 


23 
24 


42 
41 


^DCHPIN 


BM 4 |_ 


_]STRBA 


sbQ 


25 


40 


^Jdchmo 4 


TC4C 


26 


39 


ZjTCi 


TC3L 


27 


38 


Htc 2 


IBoC 


28 


37 


^Jdirint 


1B 2 [I 


29 


36 


JII14 


IB4C 


30 


35 


HiB 12 


IBeC 


31 


34 


JIB10 


l|Nj[^ 


32 


33 


HIB 8 



l 3 L is a registered trademark of Fairchild Camera & Instrument Corp. 



Fairchild Camera and Instrument Corporation, Microprocessor Division 
3420 Central Expressway, Santa Clara, California 95051 
(408) 773-1000 TWX MICPSNTA 



©1982 Fairchild Printed in U.S.A. 4027-04 1-A-23-022 15M 501989 
March 1982 Fairchild reserves the right to make changes in the circuitry 
or specifications at any time without notice. 



F9449 Signal Functions 



F9449 



CLOCK 



CPU 
HANDSHAKE 



MEMORY 



CPU CYCLE . 



TYPE 



INFORMATION 
BUS 



DATA 
CHANNEL 



DATA BUFFER CONTROL 
RESET 



F9449 



CLK 
SYN 



STRBA 
RDYA 



STRBD 

ME 

M 

Oi 

Oo 

W 

His (LSB) 

1B14 

IB13 

IB12 

IB11 

IB10 

IBs 

IBs 

IB7 

1B6 

IB5 

IB4 

IB3 

IB2 

TBi 

TBo (MSB) 

DCHPIN 
DCHPOUT 



DCHREQ 

DIEN 

MR 

Vcc 



REQ4 



DCHACK4 

TC4 

PS4 

BM4 

DCHMO4 



REQ3 



DCHACK3 

TC3 

P§3 

BM3 

DCHMO3 



REQ2 



DCHACK2 

TC2 

PS2 

BM2 

DCHMO2 



REQ1 



llNJ 



DCHACK1 

TC1 

PS1 

BM1 

DCHMO1 

SB 

IOEN 

MAREN 

STR 

DIRINT 

GND 



PERIPHERAL 

PORT 

CONTROL 



BYTE STATUS 



REGISTER 
CONTROL 
SIGNALS 



■ DCH DIRECTION 
CONTROL 



Fig. 1 F9449 Block Diagram 



F9449 



Y 



$ 



16-BIT 
INCREM ENTER 



^=o 



BM! — 
BM 2 — 
BM 3 — 
BM 4 — 



MULTIPLEXER 



MULTIPLEXER 



MULTIPLEXER 



WCi 




MSB 



BITO 



MULTIPLEXER 



"TTTT 
-J I 



MA 2 

T 



MA 3 



i 



I 



WORD COUNT 



WU2 



WC3 



V M w W 



MULTIPLEXER 
I 



15-BIT 
INCREMENTER 



TERMINAL 

COUNT 
DETECTOR 



TC 
LATCH 



TC 
LATCH 



TC 
LATCH 



TC 
LATCH 



MA4 



TC1 



TC 2 



TC3 



TC 4 



F9449 



Register Operation 

The eight F9449 registers (MA-1.4, WC-^), shown in 
figure 1, provide four fully independent data channels, 
numbered 1 to 4, each of which is capable of trans- 
ferring up to 32K 8-bit bytes or 16-bit words, depending 
upon whether it is strapped for byte-mode or word-mode 
operation. Figure 2 illustrates the data formats of these 
registers. 

A word count (WC) register associated with each 
channel contains the number of bytes or words to be 
transferred by that channel. The WC registers, which are 
loaded with the twos complement of the number of bytes 
or words, are automatically incremented after each DCH 
cycle (i.e., after every byte or word transfer), regardless 
of operating mode. When a WC register increments from 
all ones to zero, a terminal count (TC) signal for that port 
is set by the F9449. This is normally wired to the F9447 
bus controller or F9448 multiport interface to generate 
an interrupt to the F9445. (Figures 3 and 4 illustrate 
system configurations using the F9447 and F9448, 
respectively.) The TC signal can optionally be used to 
terminate any further requests from that peripheral 
channel. 



Figure 2 Register Data Formats 

1 15 



W 



MSB Word Count (Twos Complement) LSB 



Format for word- or byte-count register load 
(MAREN = 0). Word count range_i_s from -2 1 5 to 1 
(loaded with twos complement). W is an internal 
direction bit: is from peripheral to memory; 1 is from 
memory to peripheral. 

15 



MSB 



Memory Address 



LSB 



Format for memory address register load (MAREN = 1) 
Address range is from to 2 16 -1. 



A memory address (MA) register associated with each 
channel contains the address at which the next transfer 
is to occur; each MA register provides a 16-bit address 
space (0 to 65535). The MA registers are incremented 
after each transfer in word mode and after every second 
transfer in byte mode. 



F9449 I/O Cycle 

The F9449 registers are under software control. They are 
loaded with starting address and word count information 
through F9445 programmed output instructions, which 
are decoded by the F9447 I/O controller or F9448 
multiport interface. The F9445 also gener ates the clock 
(CLK), synch ronize ( SYN), address strobe (STRBA), and 
data strobe (STRBD) bus timing signals. (Figure 5 
illustrates the I/O cycle timing; refer to the "Timing 
Characteristics" section for a description of the cycle 
characteristics and specifications.) 

The F9447 or F9448 selects the registerjo be loaded by 
generating the appropriate port select (PS) signal, 
toget her with input/output enable (IOEN) and strobe 
(STR) signals, as shown in table 1. The low-to-high 
transition of the STR signal during the write time loads 
the addressed port WC or MA register, selected by the 
memory address enable (MAREN) signal, with data from 
the information bus. 

All eight registers are cleared when master reset (MR) 
goes low to allow hardware implementation of auto 
load/bootstrap routines (i.e., to fill the memory beginning 
at address 0). 

The F9445 can read the contents of any register by 
means of a programmed input instruction, which is 
decoded by the F9447 or F9448 in the same manner as 
the output instruction. 

F9449 DCH Cycle 

A periph eral d evice requests service by asserting its 
request (REQ n ) line to the F9449, which then d etermines 
priority and generates a data channel request (DCHREQ) 
signal to the F9445. After completing it s current program 
instruction, the F9445 responds to the DCHREQ or data 
channel request performing a DCH cycle, which is a long 
bus cycle similar to an F9445 memory cycle, but with the 
information bus and the write (W) line not driven. 

The F9445 sets the bus control lines as follows: M high, 
O1 low, and Oo high (i.e., M, O1, O to 101). It then 
generates the CLK, SYN, STRBA and STRBD bus timing 
signals. The high-to-low transition of STRBA latches the 
priority resolution logic, and starts the internal DCH 
sequence of the F9449. The F9449 asse rts the 
appropriate data channel acknowledge (DCHACK n ) line 
to signal the requesting peripheral and the F9447 or 
F9448 that a DCH cycle for it has begun. This may cause 
the peripheral to remove the REQ n signal. (Figure 6 
illustrates the DCH cycle timing; refer to the "Timing 
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Fig. 3 F9449/F9447 Configuration 
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Fig. 4 F9449/F9448 Configuration 
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Table 1 


F9449 I/O Control 

Signal State 


















Operation Performed 


IOEN 


W 


MAREN 


PSi 


PS 2 


PS 3 


PS 4 


STR 



X 


X 
X 


X 
X 


X 

1 


X 

1 


X 

1 


X 

1 


X 

1 


No operation 
No operation 


1 

1 








1 


* 


* 


* 
* 


* 


u 
u 


Loads IB data into selected word count register 
Loads IB data into selected memory address register 


1 
1 


1 
1 




1 


* 


* 


* 
* 


* 


X 
X 


Loads selected word count register data onto IB 
Loads selected memory address register data onto IB 



*One active-low input, selected by programmed I/O instruction device code. 

Note 

Multiple port selects result in unpredictable results. 

= Low 

1 = High 

X = Don't care 

U = Low-to-high transition 



Fig. 5 Programmed I/O Timing 
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Characteristics" section for a description of the cycle 
characteristics and specifications.) 

During the address phase of a DCH cycle, the F9449 
determines which peripheral is to be served, places the 
contents of the appropriate MA_register onto the 
information bus and drives the W line to the memory 
controller so that the memory performs either a read or a 
write cycle. If internal direction (DIRINT) is high, 
read/write selection can be programmed from the F9445 
as the most significant bit of the WC register contents 
load. When this bit is at a logic it causes a read of 
memory. If the DIRINT pin is low, the read/write 
selection is controlled by the peripheral through a data 
channel mode (DCHMO n ) signal. A high DCHMO n signal 
indicates a memory read (DCH out operation)^ If required, 
the data in enable (DIEN) and second byte (SB) lines are 
also asserted at this time. 

The F9449 RDYA signal causes the microprocessor to 
generate three additional F9445 address strobe (S1G) 
states, allowing the address sufficient time to propagate 
from the F9449 to the memory controller. 

The F9449 does not actually perform the data transfer 
between memory and peripheral. Instead, the end of the 
STRBA signal causes the F9449 to stop driving the 
address onto the information bus and allows the F9447 
or F9448 to provide data control during the data phase of 
the DCH cycle. It enables a peripheral three-state input 
buffer, or strobes data out from the IB into the 
peripheral. The data phase of the DCH cycle can be 
extended as required by additional data (S3) states 
generated from the F9445 in response to the F9447 or 
F9448 data ready (RDYD) output being low. 

Because it must communicate with the peripheral during 
F9445 programmed I/O cycles, the F9447 or F9448 
normally accommodates the data timing peculiarities of 
the peripheral. 



The end of the data strobe (STRBD) causes the WC and 
MA registers to increment, a TC signal to be asserted (if_ 
the WC re gister has reached zero), and terminates the W, 
DCHACKn, RDYA, and SB signals. 



Priority Arbitration 

The F9449 arbitrates DCH requests from multiple 
peripherals on a fixed-priority basis, with channel 1 
having the highest priority and channel 4 the lowest. The 
priority arbitration scheme allows cascading of up to 



four F9449 controllers by interconnecting the data 
channel priority out (DCHPOUT) of a higher priority 
controller to data channel priority in (DCHPIN) of the 
next, thereby permitting the system to serve a total of 16 
data channel peripherals. 

Priority resolution occurs during every cycle, at the high- 
to-low transition of the S YN signal. In a multiple-F9449 
system, all pending REQ n inputs are latched at that time, 
and the DCHPIN/DCHPOUT signals ripple from device to 
device. 

Priorities are reestablished during every cycle, including 
"short" F9445 cycles. Additional states are generated by 
the F9449 address ready (RDYA) signal to allow priority 
ripple when the F9445 responds to a DCH request from a 
"wait" cycle. 

Signal Descriptions 

The F9449 input and output signals are described in 
table 2. 

Timing Characteristics 

The timing characteristics of the F9449 are illustrated in 
figure 5 (Programmed I/O Timing) and figure 6 (Data 
Channel Cycle Timing). 

The abbreviated symbol convention used for timing 
parameters in this data sheet is TAb(C)d, where: 

• Timing symbols all begin with the letter "T". 

• The mnemonic in the position represented by "A" 
indicates the signal node beginning the interval. 

• The mnemonic in the position represented by "b" 
defines the direction of signal transition at the 
beginning node, if such definition is necessary; 
the new state of the signal may be low (I), high (h), 
3-state (z), don't care (x), or valid (v). 

• The mnemonic in the position represented by "C", 
which always appears in parentheses, indicates the 
signal node ending the interval. 

• The mnemonic in the position represented by "d" 
is the same as "b", but refers to the state of the 
signal at the node indicated by the mnemonic in 
position "C". 



Figure 6 Data Channel Cycle Timing 
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Table 2 F9449 Signal Descriptions 



Mnemonic 



Pin No. Name 



Description 



Clock 

CLK 



56 



Clock 



An input signal from the F9445. The rising edge of the single- 
phase system clock causes action in the F9449. This line can 
also be single-stepped for debugging. 



CPU Handshake 

SYN 59 Synchronize An active-high input signal from the CPU that maintains 

system timing. The start of SYN indicates the start of a CPU 
cycle with valid M, O.,, O code. 

STRBA 41 Address Strobe An active-low input signal from the F9445. In a DCH cycle, the 

low-to-high transition is used by the memory controller to 
strobe the memory address from the IB into the selected MA 
register. (This can be delayed indefinitely by RDYA.) 

RDYA 7 Address Ready An active-high open-co llector output signal to the F9445. A 

low level prolongs the STRBA signal to allow time for the 
F9449 to perform priority resolution and propagate the 
memory address to the memory controller over the IB. 

STRBD 8 Data Strobe An active-low input signal from the F9445. The low-to-high 

transition during a DCH cycle causes the selec ted WC and 
MA registers to increment and the W, DCHACK n> RDYA and 
SB signals to terminate. 



Memory 

ME 



57 Memory Enable An active-low output signal to the memory controller. When_ 

low, it informs the memory controller that either the F9445 M 
is low or a DCH cycle is in progress. 



CPU Cycle Type 

M 55 



W 



54 
53 



Memory 



Memory or 
I/O Function 



Write 



An active-low input signal from the F9445 that serves as a 
status indicator. When it is low, the F9445 is performing a 
memory cycle. 

Active-high "O" line input signals from the F9445, used with 
the M input to indicate the type oj_cycle the F9445 is 
performing. During a DCH cycle, M, 1; O are set at 101. 

An active-low input/output signal to and from the components 
in the system, normally driven by the F9445 to control the read 
and write operations. Placed in a high-impedance state by the 
F9445, during a DCH cycle, when it is driven by the F9449, it is 
low if the system is writing to memory and high if the system 
is reading from memory. 
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Table 2 F9449 Signal Descriptions (Gont. 



Mnemonic 



Pin No. Name 



Information Bus 
Signals 



"B -IB 15 



1-4 
28-31 
33-36 
60-S3 



Information Bus 



Data Channel 

DCHPIN 



42 



DCHPOUT 



DCHREQ 



43 



58 



Description 



A set of 16 input/output signals to and from the system. This 
active-low, bidirectional bus is used to load and examine the 
contents of the selected WC and MA registers. Th ese si gnals 
are driven by the selected MA register during the STRBA state 
of an F9449 DCH cycleJThe most significant bit is IB ; the 
least significant bit is IB 15 . 



Data Channel An active-high input signal from a higher-priority F9449 that is 

Priority Input used to extend priority resolution logic throughout a multiple- 

F9449 system. When this signal is low, it prevents the F9449 
from being in a DCH cycle. The highest priority F9449 should 
have DCHPIN connected high. 

Data Channel An active-high output signal to a lower-priority F9449 that is 

Priority Output used to extend priority resolution logic throughout a multiple- 

F9449 system. When the signal is high, none of the four 
channels are requesting a DCH cycle and DCHPIN is high. 

Data Channel An active-low open-collector output used by the F9449 to 

Request request a DCH from the F9445. Multiple simultaneous 

requests will be sorted by priority resolution logic during a 
DCH cycle and will result in additional consecutive DCH 
cycles. A low level requests a data channel cycle. 



Control 



DIEN 



20 



Data in Enable An active-low output signal that can be used to enable an 

optional bus transceiver placed between the F9449 and the IB. 
When low, the F9449 is putting out an address during a DCH 
cycle or data during an I/O read operation. 



Reset 

MR 



17 



Peripheral Port 
Control 



REQ r REQ 4 



52 
51 
50 
49 



Master Reset An input signal that is active-low from a power-up, front-panel, 

or programmed initialization signal. It is used to load the WC 
and MA registers with zeros, set the internal direction control 
bit to zero , set the four TC signal lines high and clear the four 
DCHACK lines. 



Port Request A set of four active-low input signals from the 

corresponding requesting peripherals. A low signal 



on a REQ r 



line indicates that its associated peripheral wishes a DCH 
cycle. Priority resolution logic ar bitrat es multiple requests and 
generates a sing le acknowledge, REQ., having the highest 
priority and REQ 4 the lowest. 



11 



F9449 



Table 2 F9449 Signal Descriptions (Cont.) 



Mnemonic 



DCHACK,- 



DCHACK, 



TC r TC 4 



Pin No. Name 



6 

46 
45 
44 



39 
38 
27 
26 



Description 



Data Channel A set of four active-low output signals to the requesting 

Acknowledge peripherals and to the F9447 or F9448. When low, it informs 

the appropriat e periphe ral that its requested DCH cycle is in 
progress. The DCHACK signal is used by the peripheral to 
clear the REQ n line. It is also used by the F9447 or F9448 and 
by the peripheral to enable data buffers to and from the IB. 

Terminal Count A set of four active-high output signals to the associated 

peripherals, indicating completion of a DCH block. When a 
WC register is incremented to zero during the last phase of a 
DCH cycle, the corresponding TC line goes high. When the 
WC register is loaded with any value from the IB during an I/O 
write operation to the F9449, the corresponding TC line is 
cleared to low. All four TC signals are set high by a low level 
on MR. 



PS, 



BM r BM 4 



DCHMO r 
DCHMO, 



BYTE Status 

SB 



Register Control 
Signals 

IOEN 



12 
13 
14 
15 



21 
22 
23 

24 



18 
19 
47 
40 



Port Select 



25 



11 



Byte Mode 



Data Channel 
Mode Out 



A set of four active-low input signals from a programmed 
I/O device. The IB bits are decoded by an F9448, which 
outputs a port select signal to the F9449. When low, the 
associated port is selected during an I/O read or write 
operation. No more than one PS line should be low at a time. 

A set of four active-low input lines that are used to 
establish operating modes. When strapped low, the 
corresponding channel is set for 8-bit byte-mode operation; 
when strapped high, the associated channel is set for 16-bit 
word-mode operation. 

A set of input signals from the requesting peripherals. When 
DIRINT is low, a DCHMO n low indicates that the 
corresponding peripheral is writing to memory during a DCH 
cycle (IN). When the DCHMO n signal is high, it indicates that 
the peripheral is reading from memory (OUT). 



Second Byte An active-low ope n-collec tor output signal to the memory 

controller. During STRBD timing, this signal is high during the 
first byte of a byte-mode DCH cycle and low during the 
second byte of a byte-mode cycle and during every word in a 
word-mode DCH cycle. It can be used to s trobe e ither the left 

or right half of the memory array during a STRBD operation. 



Input/Output An active-high input signal from the F9447 or F9448. It is used 

Enable to enable the F9449 when the F9445 wishes to read from or 

write to a WC or MA register during an I/O cycle. When the 
signal is high, a programmed I/O operation is in progress. 
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Table 2 F9449 Signal Descriptions (Cont.) 



Mnemonic 



Pin No. Name 



MAREN 



STR 



10 



DCH Direction 
Control 



Memory Address 
Register Enabie 



Strobe 



F9449 



Description 



An active-high input signal from the F9447 or F9448. It is used 
to seiect the source/destination register for an F9445 
programmed I/O operation. A high signal selects an MA 
register; a low signal selects a WC register. 

An input signal from the F9447 or F9448. The low-to-high 
transition causes the F9449 to load the IB data into the 

SCICUICU vvu kji iviz-v icyioici uuiniy ai i ii\j wine ujjci 



IRIN" 



IIILCIIiai UIICULIUI! 



i+ io iioes/-l + <~i QctoKlioh tho o/-in + rnl o/-iiir/^ci r\f tho \A/ 
L IO UOO*-l LW COiavjllUll UIO UVIILl V/l 0\S\4l\jXs \J\ LI 1^ V » 

line. When DIRINT is high during a DCH cycle, the W line is 
controlled internally by IB , the most significant bit of the 
data word in the WC register. When DIRINT is low, the W line 
is controlled externally by the DCHMO n input from the 
corresponding requesting peripheral. 



PQuyor 

Mr 



r cc 



INJ 



GND 



64 
32 

16,48 



Power Supply 
Injection Current 

Ground 



It may be driven low by selected DCHACK n outputs if some 
channels need internal control and others external control. 



Supply voltage ( + 5 Vdc). 

A constant 250 mA current supply; may be derived by use of 
an external resistor to V cc . (Nominal V, NJ = 1.2 V.) 

Common power and signal return. 
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Table 3 


DC Characteristics 












Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Test Conditions 


V|NJ 


Injector Voltage. 




1.3 




V 


Iinj = Max 


V| H 


Input High Voltage. 


2.0 






V 


Guaranteed Input High Voltage 


V|L 


Input Low Voltage. 






0.8 


V 


Guaranteed Input Low Voltage 


V C D 


Input Clamp Diode Voltage. 




-0.9 


-1.5 


V 


Vcc = Min, Iin = -18 mA, Iinj = Min 


V H 


Output High Voltage. 


2.4 


3.2 




V 


Vcc = Min, Ioh = -400 jiA, 
Iinj = Min 


Vol 


Output Low Voltage. 




0.2 


0.5 


V 


Vcc = Min, Iol = 8.0 mA, Iinj = Min 


llH 


Input High Current 
All Inputs. 






1.0 


mA 


Vcc = Max, Vin = 5.5 V, 
Iinj = 300 mA 


IlL 


Input Low Current. 




-0.21 


-0.4 


mA 


Vcc = Max, Vin = 0.4 V, Iinj = Min 


l0ZH 


Output Off (High-Impedance) 
State High Current IB0-IB15, W. 






100 


nA 


Vcc = Max, Vout = 2.4 V, 
Iinj = Min 


IOZL 


Output Off (High-Impedance) 
State Low Current IB0-IB15, W. 




-210 


-500 


nA 


Vcc = Max, Vout = 0.4 V 
Iinj = Min 


l0SH 


Output Short Circuit Current. 


-15 




-100 


mA 


Vcc = Max, Vout = 0.0 V, h N j = Min* 


Iloh 
Ohh 


Output Leakage Current (Open 
Collector) RDYA, SB, DCHREQ. 






1.0 


mA 


Vcc = Min, Voh = 5.25 V, 
Iinj = Min 


Ice 


Supply Current. 




125 




mA 


Vcc = Max, Iinj = Min 



'Not more than one output to be shorted at a time. 



Absolute Maximum Ratings 

These are stress ratings only, and functional operation 
at these ratings, or under any conditions above those 
indicated in this data sheet, is not implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may 
cause permanent damage to the device. 



Recommended Operating Ranges 



Storage Temperature 

Ambient Temperature Under Bias 

Vcc Pin Potential to Ground Pin 

Input Voltage (dc) 

Input Current (dc) 

Output Voltage (Output HIGH) 

Output Current (dc) (Output LOW) 

Injector Current (Iinj) 

Injector Voltage (Vinj) 



-65°C, +150°C 
-55°C, +125°C 
-0.5 V, +6.0 V 
-0.5 V, +5.5 V 
-20 mA, +5 mA 
-0.5 V, +5.5 V 
+ 20 mA 
+ 500 mA 
-0.5 V, +2.0 V 



Part Number 


Supply Voltage (Vcc) 


Min 


Typ 


Max 


F9449DC 
F9449DM 


4.75 V 
4.5 V 


5.0 V 
5.0 V 


5.25 V 
5.5 V 


Part Number 


Injector Current i 


Iinj) 




Min 


Typ 


Max 


F9449DC 
F9449DM 


200 mA 
200 mA 


250 mA 
250 mA 


300 mA 
300 mA 


Ordering Information 


Order Code 


Temperature Range 


F9449DC 
F9449DM 


0°Cto +75°C 
-55°C to +125°C 



14 



F9449 



Package Outline 

64-Pin Ceramic Dual In-Line 



32 I I 1 
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-.510(12.954)- 

_ 1.630 (41 .402) 

(REF) 
_1.663(42.240)_ 
1.637(41.580) 



64 



CAP 

(REF) 



-SOLDER GLASS 



AI2O3 WINDOW FRAME 
AI2O3 BASE 



.588(14.935) 
.582(14.783) 



.025 (.635) R 
(REF) 



.150 
.130 
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.040(1.016) 
TYP 



_J! .018 (.457) 
\\ TYP 



.050(1.270) 
TYP 



600(15.240) 
BENDLINE~ 
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Fairchild cannot assume responsibility for use of any circuitry described Manufactured under one of the following U.S. Patents: 2981877, 3015048, 

other than circuitry embodied in a Fairchild product. No other circuit 3064167, 3108359, 3117260; other patents pending, 

patent licenses are implied. 
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Features 

■ Single-chip microprocessor fully implements 
MIL-STD-1750A (Notice 1) ISA 

■ High performance over military temperature range - 
700 KIPS DAIS mix with floating point - 0.2 fis ADD, 
1.85 (is MULTIPLY 

■ Real-time processing - two programmable timers - 
16 levels of vectored interrupt 

■ 32 and 48-bit floating point arithmetic on chip 
B Bipolar VLSI I^L® =ll ■= 1 x 10** radiation 

■ Multiprocessor capabilities 

■i 0.n««|j* nnJ <4niikJA nra/«ii>inn arifhmatif 
■■ omyic aini uwiiulv |#i@wi9iwn *•■•».■■. ■*»•.»» 

■ Direct address to 64K words, expandable to 1M 
words 

■ 16 General-purpose registers 

■ Static operation with single clock - 0-20 MHz 

■ TTL inputs and outputs with 8 mA drive capability 

■ Single 5 V supply - injector current source required 

■ 64-pin DIPs with 50-mil pin centers 

Description 

The F9450 microprocessor, in a single chip, completely 
implements MIL-STD-1750A (Notice 1) Instruction Set 
Architecture. This microprocessor is currently being 
developed as the heart of a high-performance processor 
ifniiy for commercial and military applications requiring 
high-speed, sophisticated, real-time processing. 

Utilizing 16-bit architecture, the F9450 provides 16 user- 
accessible general purpose registers and performs float- 
ing point operations on-chip. The l 3 L-ll Bipolar VLSI tech- 
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times, LSTTL-compatible input/output, inherent radiation 
tolerance (1 x 10 5 rads), and operation at 20 MHz over the 
full military temperature range. 

Real-time processing is achieved through advanced 
design and architecture, incorporating two programmable 
timers, a complete 16-level interrupt processor, and a 
comprehensive fault handler on the chip. 

Multiprocessing is supported by a flexible bus arbitration 
scheme as well as process synchronization (test and set) 
instructions. 

Several support circuits and systems can provide addi- 
tional capability. These include the F9446 Dynamic 
Memory Controller; the F9451 Memory Management Unit, 
providing memory-mapped expansion to 1M words; and 
the F9452 Block Protect Unit. A multi-user development 
system (FS-1) has been developed, as well as 
EMUTRAC™, which offers real-time system emulation 
nd debugging. Information on these products is avail- 
able in the Microprocessor Products Data Book. 



F9450 (MIL STD 1750A) 
16-Bit Bipolar 
Microprocessor Family 



Microprocessor Products 



Comprehensive software support for the F9450 (MIL- 
STD-1750A), including assemblers, loaders, simulators 
and compilers, is available from various sources. An ADA 
compiler for MIL-STD-1750A is also under development. 
For a list of available software contact Fairchild - see 
last page of data sheet. 

F9450 Pin Functions 
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Fig. 1 F9450 Block Diagram 



Architecture 

There are five main sections of the F9450 microproces- 
sor as represented in the block diagram, Figure 1. Each 
is discussed separately as follows. 

Data processor 
Microprogrammed control 
Address processor 
Interrupt and fault processor 
Timing unit 



Data Processor 

The 16-bit wide data processor section is responsible for 
all data processing in the CPU. It is organized in nine 
functional blocks. 

17-bit ALU 

Shifter 

16 General Purpose registers (Rg - R 15 ) 

Six working registers 

Memory Data Register (MDR) 

Two timers 

Constants ROM 

Status Register (SR) 

Pre-Shifter and Mask 



Microprogrammed Control 

CPU operation is governed by a microprogrammed con- 
trol section with two levels of pipelining. New instruc- 
tions are fetched into the instruction register. The map- 
ping PLA is fed from the instruction register and 
generates the pointers necessary for both execution and 
the effective address routines which reside in the micro 
control store. The micro control store generates three 
output fields to the micro register. Two of them - Next 
Address Field and Branch Field - determine the sub- 
sequent micro address. The third output field controls 
operation of all CPU components. 

Address Processor 

The address processor includes an Instruction Counter 
(IC) and a Memory Address Register (MAR) which deter- 
mine the addresses for all instructions and operands. In- 
cluded in the Address Processor is an independent 
Incrementer that provides Instruction Counter and 
operand address updates paralleling Data Processor 
operation. 

Interrupt and Fault Processor 

All faults and interrupts, whether generated internally or 
externally, are handled by the Interrupt and Fault 
Processor. It includes a Pending Interrupt Register (PIR), 
a Mask Register (MK), a Fault Register (FT), interrupt ena- 
bling logic and a priority encoder. Also included is abort 
condition detection and activation logic. 

Timing Unit 

The timing unit generates the internal and external 
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ferent bus transactions. A basic machine cycle could 
comprise three, four or five CPU clock cycles (states) 
(refer to the state diagram in Figure 2): 

(a) A 3-state cycle (S , S 4 , S^} for pure internal ALU 
ODerations. 



A 

NA 

ALBR 

ABRT 

BUS REQ 

BUS GNT 

BUS LOCK 

RDYA 

RDYD 

Sz 



Asserted (active) 

Not Asserted 

ALU Branch cycle (S states) ■ internal signal 

Abort condition - internal signal 

Bus Request 

Bus Grant input 

Bus Lock 

ROYA input 

RDYD input 

High impedance state ■ CPU drivers are 3-state 



BUS REQ 




Fig. 2 F9450 Timing Generator State Diagram 



(b) A 4-state cycle (S , S.,, S 2 , S 3 ) for minimum length 
bus cycles. 



(c) A 5-state cycle (S , S 1t S 2 , S 3 , 



^3A or So- S 4 , S 5 , S 5A , 



S 5B ) applies for those cycles that use the result of the 
current ALU operation to determine the next address 
in the microprogrammed control store. It also applies 
to those cycles following an abort condition. 



Note that every timing cycle starts with state S in which 
the timing unit receives the control information needed 
to initiate a bus cycle or a short ALU cycle. 



A bus cycle can be extended indefinitely by manipulating 
BUS GNT, RDYA or RDYD external inputs. These signals 
hold the CPU in states S z (high impedance) when the bus 
is assigned to another CPU or DMA device, S-, (address 
phase) or S 3 (data phase) respectively, as shown in the 
state diagram (Figure 2). 
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F9450 Signal Descriptions 
Clocks 

CPU CLK, Pin 51 - CPU clock (0-20 MHz) 



EXTERNAL 
REQUESTS 



INTERRUPTS i 



FAULTS < 



INFORMATION 
BUS 



CPU CLK 

TIMER CLK (100 kHz) 



lOLi INT 
IOL 2 INT 



SYSFLTo 
SYSFLT, 

■Bo 
IBt 
IB 2 
IB 3 
I6< 
IBs 
IB« 
IBr 
IB. 
IBs 
IB, 
I8,i 
IB,j 
IB,] 

IB,4 

IB, S 



AKo 
AK, 
AK 2 
AKj 





ASo 


PWRON INT 


AS, 




ASj 


USRo INT 


ASj 


USR, INT 




USR2 INT 


UNRCV ER 


USR 3 INT 


MAJER 


USR4 INT 




USRs INT 


DMA EN 
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Fig. 3 F9450 Pin Functions 



TIMER CLK, Pin 7 - Timer clock (100 kHz) 

External Requests 

RESET, Pin 6 - Reset - Active LOW input initializes the 
CPU. 



CON REQ, Pin 2 - Console Request - Active LOW input 
initiates console operations after current instruction. 

Interrupts 

PWRDN INT, Pin 33 - Power Down Interrupt - Active on 
the positive-going edge or HIGH level, according to the 
interrupt mode bit in the configuration register. 

USRo INT though USRg INT, Pins 34 through 39 - User 
Interrupts - Active on the positive-going edge or HIGH 
level, according to the interrupt mode bit in the con- 
figuration register. 

IOL 1 INT and IOLj INT, Pins 40 and 41 - Input/Output 
Level Interrupts - Active HIGH inputs that can be used to 
expand the number of user interrupts. 

Faults 



MEM PRT ER, Pin 26 - Memory Protect Error - Active 
LOW input generated b y the MMU or BPU or both and 
sampled by BUS BUSY into the Fault Register (bit if 
CPU bus cycle, bit 1 if non-CPU bus cycle). 



MEM PAR ER, Pin 27 - Memory Pa rity Error - Active 
LOW input sampled by BUS BUSY into bit 2 of the Fault 
Register. 



EX ADR ER, Pin 28 - E xternal Add ress Error - Active 
LOW input sampled by BUS BUSY into the Fault Register 
(bit 5 or bit 8). 

SYSFLT , Pin 29 - System Fault - Active on the 
positive-going edge setting bit 7 in the Fault Register. 

SYSFLT V Pin 30 - System Fault 1 - Active on the 
positive-going edge setting bits 13 and 14 in the Fault 
Register. 

Information Bus 

IBq through IB 15 , Pins 9 through 18 and 20 through 25 - 
16-bit Bus - Active HIGH bidirectional time-multiplexed 
Address/Data bus; 3-state during bus cycles not assign- 
ed to this CPU. IB is the most significant bit. 



Status Bus 

AKq through AK 3 , Pins 47 through 50 - Address Key - 
Active HIGH outputs used to match with the Access 
Lock in the MMU for memory accesses (a mismatch is 
one of several pos sible situations causing the MMU to 
f II MEM PRT ER LOW). 

AS through AS 3 , Pins 42 through 45 - Address State - 
Active HIGH outputs select the page register group in 
the MMU. 

Errors 

UNRCV ER, Pin 8 - Unrecoverable Error - Active HIGH 
output indicating the occurrence of an error classified as 
unrecoverable. The instruction in which the error occur- 
red is aborted. 

MAJ ER, Pin 31 - Major Error - Active HIGH output in- 
dicating the occurrence of an error classified as major. 

I MtJ HI51I UUIUJI I III Wllllsll IMC CIIUI uUv/uuBu i5 6uwn««. 

Discretes 

DMA EN, Pin 3 - Direct Memory Access Enable - Active 
HIGH output indicates that DMA is enabled. It is dis- 
abled when the CPU is initialized (RESET). 

NML PWRUP, Pin 6 - Normal Power Up - Active HIGH 
output set when the CPU has completed the Built-in Test 
in the initialization sequence successfully. 

SNEW, Pin 63 - Start New - Active HIGH output indicat- 

!__ iu.i _ __... :. ? ^,,Minn M/ill extort pvopntinn in tho npyf 
Ifig lliai a IICW liiotl uuuuii *Vm oian CnC«ul.:: 3 ... i. .w ..->... 

^ycle, useful for instruction tracing function. 

TRIGO RST, Pin 4 - Trigger Go Reset - Active LOW 
discrete output. 

Bus Control 

R/W, Pin 57 - Read or Write Output - Indicates direction 
of data flow. A HIGH indicates a read or input operation 
and a LOW indicates a write or output operation; 3-state 
during bus cycles not assigned to this CPU. 

M/IO, Pin 59 - Memory or I/O Output - Indicates whether 
the current bus cycle is Memory (HIGH) or I/O (LOW); 
3-state during bus cycles not assigned to this CPU. 

DlT, Pin 58 - Data or Instruction Output - Indicates 
whether the current bus cycle access is for Data (HIGH) 
or Instruction (LOW); 3-state during bus cycles not as- 
signed to this CPU. 

STRBA, Pin 52 - Address Strobe - Active HIGH output 
used for latching the memory or XIO address in an exter- 
nal latch at the HIGH-to-LOW transition of the strobe; 
3-state during bus cycles not assigned to this CPU. 

RDYA, Pin 55 - Address Ready - Active HIGH input used 
to extend the address phase of a bus cycle. 



STRBD - Pin 53 - Data Strobe - Active LOW output used 
for strobing data in Memory and XIO cycles; 3-state 
during bus cycles not assigned to this CPU. 

RDYD - Pin 56 - Data Ready - Active HIGH input used to 
extend the data phase of a bus cycle. WAIT states are 
inserted as long as RDYD is not active to accommodate 
slower memory devices. 



Bus Arbitration 

BUS REQ, Pin 54 - Bus Request - Active LOW output in- 
dicates that the CPU requires the bus; becomes inactive 
as soon as the CPU has acquired the bus and started the 
bus cycle. 

BUS GNT, Pin 61 - Bus Grant - Active LOW input from 
an external arbiter indicates that the CPU currently has 
the highest priority bus request. If the bus is not locked, 
the r".Di I mau hpnin a hijs r.vrlp rnmrnpneinn with the 

next CPU clock. 



BUS BUSY, Pin 60 - Bus Busy - Active LOW bidirectional 
signal used to establish the beginning and end of a bus 
cycle. The trailing edge (LOW-to-HIGH transition) is used 
for sampling bits into the fault register. It is 3-state in 
bus cycles n ot assigned to this CPU, however, the CPU 
monitors the BUS BUSY line for latching non-CPU bus- 
cycle faults into the Fault Register. 



BUS LOCK, Pin 62 - Bus Lock - Active LOW, bidirection- 
al signal used to lock the bus for successive bus cycles. 
During non-locked bus cycles, BUS LOCK mimics BUS 

UOI. ii is o-olaie uuiiuy uuo ^yuico hwi aobiyiitSu iJ 

this CPU. 

GND, Pins 1 and 32 - Ground 

Vcc, Pin 64 - Nominal +5 V, 225 mA. 

V INJ1 and V, NJ2 , Pins 19 and 46 - Injector Supply - 
Nominal 1.3 V, 1.4 A, (Figure 4). 
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Fig. 4 V INJ Supply. 



Bus Transactions 

Bus transactions are four states long (a state is equiv- 
alent to one CPU clock period). Memory and I/O cycles 
have identical timing requirements and are distinguished 
by the status of the M/IO line. 

The master internal clock (NRCK - Figures 5 and 6) is 
active LO W during state S . The falling edge of NRCK 
activates BUS REQ output indicating to the external 
arbiter (if any) that this CPU requests the b us. At the end 
of state S , the CPU samples the status of BUS GNT 
input. If this input has been active, satisfying the mini- 
mum set up time, state S 1 is entered. Otherwise , the CPU 
enters the high-impedance state, S z , waiting for BUS GNT 
to be active (In a unip rocessor system, no arbiter is 
needed and BUS GNT is wired LOW). Simultaneously, the 
BUS LOCK input should be not active (HIGH) f or the CP U 
to enter state S 1 {Figure 10). Once in state S v BUS REQ 
is deactivated to allow other bus contenders bidding 
early for the next bus c ycle. The CPU activates 
BUS BUSY, BUS LOCK, status information and outputs 
the address after some delay measured from the start of 
S., state. At the end of S^ the CPU samples the RDYA 
input. If LOW, the CPU stays in the S 1 state (Figure 7), 
extending the address phase on the bus. Otherwise, it 
proceeds to state S 2 and then unconditionally to state S 3 . 



CPU CLOCK 



NRCK 
(MASTER 
INTERNAL 
CLOCK) 



Once in state Sg, the CPU drops STRBA LOW (this edge 
is used to lat ch the a ddress in an external address latch) 
and activates STRBD output for Read cycles only, where 
the CPU gets ready to receive read data by turning the 
address/data bus around. For Write cycles, the CPU 
starts ou tputting the write data immediately after the 
address. STRBD is activated during S 3 allowing both a 
reasonable set-up time for write da ta-to-ST RBD falling 
edge and reasonable hold time for STRBD rising edge-to- 
write data going away. RDYD is sampled at the end of S 3 
and the bus cycle is terminated when RDYD is HIGH; 
otherwise, it stays in S 3 (Figures 8 and 9). At the end of 
the bus cycle, all CPU outputs are 3-state. 

All XIO and VIO commands are echoed back to the exter- 
nal world in a form of an I/O Write cycle. The address is 
the command itself, and the write data is the result of 
the execution phase, if applicable. (It is the system's 
responsibility to provide RDYA and RDYD in these 
cycles.) 

7ao/e 1 depicts the maximum access time required by 
the system at various operating frequencies. The access 
time includes address latches, address decoders delays 
and system memory chip enable access time. 
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Fig. 5 Minimum Read Bus Cycle 



CPU 
Clock 

(MHz) 


System Memory Address Access Time**(ns) 


No* 
Wait 


1* 
Wait 


2* 

Waits 


3* 
Waits 


4* 
Waits 


20 
18 
16 
10 


100 
117 
138 
250 


150 
172 
200 
350 


200 
228 
263 
450 


250 
283 
325 
550 


300 
339 
388 
650 
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A Wait state is inserted due to either RDYA or RDYD 

not being active when sampled by the CPU at the proper 

time. 

System memory address access time is maximum and 

includes address latch and address decoder delays. 



Table 1 Memory Access Time Requirements 



CPU CLOCK 



NRCK 

(MASTER INTERNAL 

CLOCK) 



BUSREQ 



BUSGNT 



M/IO, R/W, D/t 
AS _ 3 . AKq. 3 



"Bo-lS 




■ig. 6 Minimum Write Bus Cycle 
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STRBA 



IB0-1 




T^igy 



ADDRESS VALID 



ALU READ WRITE 



Fig. 7 RDYA Signal Timing 



IBo-15 



BUS BUSY. 



M/IO, R/W, D/l 




Fig. 8 RDYD Signal - Read Bus Cycle 



•Bo-is 



M/K). R/W, D/l 




Fig. 9 RDYD Signal - Write Bus Cycle 

h*-So »[< S^ » ! < S z » « Sz^+< 

-« jnjnjTJTJiru" 



h*-S(, »[« S^ » ! < S z » « S; » i « S, »i« S2^H 



SET-UP TIME MUST BE LONG ENOUGH FOR 
ARBITER TO RECOGNIZE THE REQUEST. 



BUSGNT 

(REQ. 

ACKNOWLEDGED) 



I 



a r 



BUS IS LOCKED BY 
ANOTHER DEVICE 
MASTER. 



J~\ 



TURN-ON TIME BY A NEW 
MASTER IS CRITICAL 
SINCE THE EXTERNAL 
ARBITER MIGHT HAVE 
ALREADY GIVEN BUSGNT 
AWAY TO ANOTHER. 
HIGHER PRIORITY 
REQUESTOR. 



BUS LOCK TURN OFF 
TIME BY CURRENT 
MASTER (RUNNING 
OFF SAME CLOCK) IS 
CRITICAL SO THAT 
A WAITING MASTER 
CAN DETECT IT. 

Notes: 

AJI device masters are F9450s or F9450-compatible 

oevices. 

Bos masters and external arbiter are running off same 

dock. 
'Sz is the high impedance state in which all CPU drivers 

are 3-stated 
"Depending on the status of RDYA input. 



Fig. 10 Signal Requirements for Acquiring Bus 
Mastership 



Data Types 

The F9450 processes the following data types. 

Bytes (8 bits) 
Words (16 bits) 

Cjble words (32 bits) 
..■gle precision floating point (32 bits) 
Extended precision floating point (48 bits) 

The floating point numbers are represented by a fraction- 
al twos complement mantissa (24 bits for single- 
precision and 40 bits for extended precision) and an 
8-bit twos complement exponent, (Figure 11). 



Single Precision 




23 24 



S MANTISSA 


EXPONENT 



Double Precision 




23 24 



S MANTISSA 


EXPONENT 


MANTISSA 



Fig. 11 F9450 Floating Point Formats 

Register Set 

There are 16 user-accessible registers, Figure 12, plus 
the Pending Interrupt Register, Mask Register, Fault 
Register, Status Register and two timers. 

Status Register 

The Status Word (SW) is 16 bits wide, defined as follows. 



P Z N 



RESERVED 



AK(PS) 



AS 



( 



C: Carry P: Positive Z: Zero N: Negative 

AK (PS): Access Key/processor state bits serve two 
functions: 

(1) Determine the legal/illegal criteria for privileged 
instructions. A privileged instruction is executed 
with PS = only. An attempt to execute a privileged 
instruction with PS = will cause a Major Error, set 
bit 10 in the Fault Register, and cause an instruction 
abort (See Fault Register, page 15). 

(2) Defines the Access Key that is used in systems with 
an MMU to match with an access lock. 

AS: Address state defines a page register group in the 
Memory Management Unit (MMU). For implementations 
that do not include MMU, an Address State fault is 
generated (bit 11 in the Fault Register is set) for any 
operations attempting to modify the AS field to a non- 
zero value. 

System Configuration Register (SCR) 

The System Configuration Register is five bits wide and 
is defined as follows (bits through 4): 

,AU Present: "1" if MMU is connected in the system 



BPU Present: "1" if BPU is connected in the system 

Console Present: "1" if console is connected in the 
system 

Co-Processor: "1" if co-processor is connected in the 
system 

Interrupt Mode: Selects interrupt mode for PWRDN INT 
and USR INT - USR 4 INT. "1" level sensitive, "0" - edge 
(LOW-to-HIGH) sensitive. 

Timer A and Timer B 

The two timers are 16 bits wide and are started, halted, 
loaded, and read under software control. Timer A gets 
the timer clock (100 kHz) and Timer B gets timer clock 
divided by 10. 

When Timer A and Timer B reach their terminal counts, 
they set the corresponding bits in the PIR (see 
Interrupts). Both are halted when the CPU is in console 
mode. 



PENDING INTERRUPT REGISTER (PIR) 



MASK REGISTER (MK) 



FAULT REGISTER (FT) 



INSTRUCTION COUNTER (IC) 



STATUS WORD (SW) 



SYSTEM CONFIGURATION REGISTER (SCR) 



Fig. 12 F9450 Register Model 
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cr 
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Mode 



1 . Register Direct 

"R" 

2. Memory Direct 

"D" 
"DX" 

3. Memory Indirect 

..,„ 

"IX 

4. Immediate Long 

a Not Indexible 
"IM" 

b. Indexible 

"IM" 
"IMX" 

5. Immediate Short 

a. Positive 

"ISP" 

b. Negative 

"ISN" 

6. IC Relative 

"ICR" 

7. Base Relative 

a. Not Indexible 

"B" 

b. Indexible 

"B" 
"BX" 



Format 



7 8 11 12 15 



OC. 


RA 


RB 



7 8 11 12 15 16 31 



o.c. 


RA 


RX 



RX - (Non-Indexed) 
RX i (Indexed) 

7 8 11 12 15 16 31 



O.C. 


RA 


RX 



RX ■= (Not-Indexed) 
RX /■ (Indexed) 



7 8 11 12 15 16 31 



O.C. 


RA 


OCX 



7 8 11 12 15 16 31 



O.C. 


RA 


RX 



RX = (Non-Indexed) 
RX i (Indexed) 



7 


8 11 


12 


15 


O.C. 


RA 


I 


7 8 11 12 


15 


O.C. 


RA 


I 


7 8 


15 


O.C. 




DU 



5 


6 7 


8 15 




O.C. 


BR 


DU 




BR = BR +12 
5 6 7 8 11 


12 15 


O.C. 


BR 


OCX 


RX 



RX (Non-Indexed) 
RX 4- (Indexed) 



Derived Operand (DO) 


Derived Address (DA) 




Single 
Precision 


Floating Point and 
Double Precision 


Single 
Precision 


Floating Point and 
Double Precision 


Notes 


(RB) 
IA| 


(RB, RB i 1) 
[A, A i 1 | 


RB 
A 


RB. RB • 1 
A, A t 1 


Extended Precision 
Floating Point 
Instructions require 
addressing ot 
three operands 
located at DA, 
DA • Land DA > 2. 


lA ♦ (RX)| 


[A t (RX), A i 1 t (RX)| 


A f (RX) 


A t (RX), A * 1 . (RX) 




llAll 

LlA t (RX)|| 


||A|.|A| + 1 | 

[|A i (RX)|, |A t (RX)| .■ 1| 


lA] 

|A f (RX)| 


|AJ.|A| f 1 

[A t- (RX)|, | A t (RX)| . 1 




1 

1 

1 v (RX) 










i (1 i 1) 










(1.1) 




D t (IC 1) 




128"S;DU<127 

Base registers, 
BR R12, R13. 
R14, andR15 


|DU i (BR)| 


|DU \ (BR), DU ( 1 i (BR)| 


DU t (BR) 


DU t (BR), DUth (BR) 


0«4DU«^255 


|(BR)| 

|(BR) \ (RX)| 


[(BR), (RR) f 1| 

| (BR) t (RX), (BR) i 1 ) (RX)| 


(BR) 

(BR) t (RX) 


(BR), (BR) f 1 

(BR) t (RX), (BR) f 1 ♦■ (RX) 





Instruction Set 

The following is the list of instructions for the F9450 
with the applicable addressing modes. For a complete 
description, refer to MIL-STD-1750A ISA. 



Mnemonic 


Addressing Mode 


Function 


Integer Arithme 


tic/Logic 

R, B, BX, ISP, D, 






A 


DX, IM 


Single precision Add 


DA 


R, D, DX 




Double precision Add 


INCM 


D, DX 




Increment Memory by positive integer 


ABS 


R 




Single precision Absolute value 


DABS 


R 




Double precision Absolute value 


S 


R, B, BX S ISP, D, 


DX, IM 


Single precision Subtract 


DS 


R, D, DX 




Double precision Subtract 


DECM 


D, DX 




Decrement Memory by positive integer 


NEG 


R 




Single precision Negate 


DNEG 


R 




Double precision Negate 


MS 


R, ISP, ISN, D, DX, IM 


Single precision Multiply - 16-bit product 


M 


R, B, BX, D, DX, 


IM 


Single precision Multiply - 32-bit product 


DM 


R, D, DX 




Double precision Multiply 


DV 


R, ISP, ISN, D, DX, IM 


Single precision Divide - 16-bit dividend 


D 


R, B, BX, D, DX, 


IM 


Single precision Divide - 32-bit dividend 


DD 


R, D, DX 




Double precision Divide 


C 


R, B, BX, ISP, ISN, D, DX, IM 


Single precision Compare 


CBL 


D, DX 




Compare between limits 


DC 


R, D, DX 




Double precision Compare 


OR 


R, B, BX, D, DX, 


IM 


Inclusive OR 


AND 


R, B, BX, D, DX, 


IM 


AND 


XOR 


R, D, DX, IM 




Exclusive OR 


NAND 


R, D, DX, IM 




NAND 


Floating Point 








FA 


R, B, BX, D, DX 




Floating point Add 


EFA 


R, D, DX 




Extended precision Floating point Add 


FABS 


R 




Floating point Absolute Value 


FS 


R, B, BX, D, DX 




Floating point Subtract 


EFS 


R, D, DX 




Extended precision Floating point Subtract 


FNEG 


R 




Floating point Negate 


FM 


R, B, BX, D, DX 




Floating point Multiply 


EFM 


R, D, DX 




Extended precision Floating point Multiply 


FD 


R, B, BX, D, DX 




Floating point Divide 


EFD 


R, D, DX 




Extended precision Floating point Divide 


FC 


R, B, BX, D, DX 




Floating point Compare 


EFC 


R, D, DX 




Extended precision Floating point Compare 


FIX 


R 




Convert Floating point to 16-bit integer 


FLT 


R 




Convert 16-bit integer to Floating point 


EFIX 


R 




Convert extended precision Floating point to 32-bit integer 


EFLT 


R 




Convert 32-bit integer to extended precision Floating point 


Bit Operations 


SB 


R, D, DX, I, IX 




Set Bit 


RB 


R, D, DX, I, IX 




Reset Bit 


TB 


R, D, DX, I, IX 




Test Bit 


TSB 


D, DX 




Test and Set Bit 


SVBR 


R 




Set Variable Bit in Register 


RVBR 


R 




Reset Variable Bit in Register 


TVBR 


R 




Test Variable Bit in Register 
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Shift 


SLL 


R 


Shift Left Logical 


SRL 


R 


Shift Right Logical 


SRA 


R 


Shift Right Arithmetic 


SLC 


R 


Shift Left Cyclic 


DSLL 


R 


Double Shift Left Logical 


DSRL 


R 


Double Shift Right Logical 


DSRA 


R 


Double Shift Right Arithmetic 


DSLC 


R 


Double Shift Left Cyclic 


SLR 


R 


Shift Logical, count jn Register 


SAR 


R 


Shift Arithmetic, count in Register 


SCR 


R 


Shift Cyclic, count in Register 


DSLR 


R 


Double Shift Logical, count in Register 


DSAR 


R 


Double Shift Arithmetic, count in Register 


DSCR 


R 


Double Shift cyclic, count in Register 


Load/Store/ Exchange 


L 


R, B, BX, ISP, ISN, D, DX, IM, IMX, I, IX 


Single precision Load 


DL 


R, B, BX, D, DX, I, IX 


Double precision Load 


EFL 


D, DX 


Extended precision Floating point Load 


LUB 


D, DX, I, IX 


Load from Upper Byte 


LLB 


D, DX, I, IX 


Load from Lower Byte 


S 


B, BX, D, DX, I, IX 


Single precision Store 


STC 


D DX, I, IX 


Store a non-negative Constant 


DST 


B, BX, D, DX, I, IX 


Double precision Store 


SRM 


D, DX 


Store Register through Mask 


EFST 


D.DX 


Extended precision Floating point Store 


STUB 


D, DX, I, IX 


Store into Upper Byte 


STLB 


D, DX, I, IX 


Store into Lower Byte 


XBR 


S* 


Exchange Bytes in Register 


XWR 


R 


Exchange Words in Registers 


Multiple Load/Store 


PSHM 


S* 


Push Multiple registers onto the stack 


POPM 


S* 


Pop Multiple registers off the stack 


LM 


D.DX 


Load Multiple registers 


STM 


D.DX 


Store Multiple registers 


MOV 


S* 


Move multiple words, memory to memory 


Program Control 


JC 


D, DX, I, IX 


Jump on Condition 


JS 


D.DX 


Jump to Subroutine 


SOJ 


D, DX 


Subtract One and Jump 


BR 


ICR 


Branch unconditionally 


BEZ 


ICR 


Branch if Equal to (Zero) 


BLT 


ICR 


Branch if Less Than (zero) 


BLE 


ICR 


Branch if Less than or Equal to (zero) 


BGT 


ICR 


Branch if Greater Than (zero) 


BNZ 


ICR 


Branch if Not equal to (Zero) 


BGE 


ICR 


Branch if Greater than or Equal to (zero) 


BEX 


ICR 


Branch to Executive 


LST** 


D, DX, I, IX 


Load Status 


SJS 


D, DX 


Stack IC and Jump to Subroutine 


URS 


S* 


Unstack IC and Return from Subroutine 


NOP 


S* 


No Operation 


BPT 


S* 


Breakpoint 


BIF 


S* 


Built In Function (escape code) 
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* S Special Format 
"Privileged Instruction 
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Input/Output Instructions * * 



Programmed Input/Output 



XiO 
VIO 



IM, IMX 
D,DX 



Execute Input/Output 
Vectored Input/Output 



Timer Control 



TAS 

TAH 

OTA 

ITA 

TBS 

TBH 

OTB 

ITB 



Timer A Start 
Timer A Halt 
Output Timer A 
Input Timer A 
Timer B Start 
Timer B Halt 
Output Timer B 
Input Timer B 



Interrupt/DMA/Fault Control 



SMK 

CLIR 

ENBL 

DSBL 

RPI 

SPI 

RMK 

RPIR 

RCFR 

DMAE 

DMAD 



Set Interrupt Mask 

Clear Interrupt Request 

Enable Interrupts 

Disable Interrupts 

Reset Pending Interrupt 

Set Pending Interrupt Register 

Read Interrupt Mask 

Read Pending Interrupt Register 

Read and Clear Fault Register 

DMA Enable 

DMA Disable 



MMU Control 



WIPR 
WOPR 



WSW 
RSW 
RNS 
GO 



Write Instruction Page Register 
Write Operand Page Register 



RIPR 
ROPR 


Read Instruction Page Register 
Read Operand Page Register 


oru vsuiiuui 


LMP 
RMP 
MPEN 


Load Memory Protect RAM 
Read Memory Protect RAM 
Memory Protect Enable 


MISC 



Write Status Word 

Read Status Word 

Reset Normal Power Up discrete 

Reset Trigger GO indicator 



'Privileged Instruction 
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Performance 

Table 3 lists execution times for a core instruction set in 
the different addressing modes. All times are at 20 MHz 
with no wait states (See Table 1 for memory system 
requirements). Execution times will degrade linearly with 
the clock if no wait states are inserted, i.e., Add Register 
will be 0.4 ps at 10 MHz. 



Basic Instructions 









Direct 






Imm. 


Base 


Base 


Single Precision 


Register 


Direct 


Indx. 


Indirect 


Imm. 


Short 


Rel. 


Rel. Indx. 


Load/Store 


0.2 


0.6 


0.6 


0.8 


0.4 


0.35 


0.55 


0.55 


Add/Sub 


0.2 


0.6 


0.6 


0.8 






0.55 


0.55 


Multiply 


1.85 


2.25 


2.25 




2.05 


2.0 


2.2 


2.2 


Divide 


4.7 


5.1 


5.1 






4.9 


5.05 


5.05 


Compare 


0.35 


0.75 


0.75 




0.55 


0.5 


0.7 


0.7 


Set/Reset Bit 


0.35 


0.95 














Double Precision 


















Load 


0.65 


1.25 


1.25 


1.6 






1.2 


1.2 


Store 


0.65 


0.95 


0.95 


1.3 






0.9 


0.9 


Add/Sub 


0.8 


1.4 


1.4 












Multiply 


5.75 


6.35 


6.35 












Divide 


12.0 


12.6 


12.6 












Compare 


0.6 


1.2 


1.2 












Floating Point 


















Add/Sub (Typical) 


4.5 


5.1 


5.1 








5.2 


5.2 


Multiply 


5.6 


6.2 


6.2 








6.3 


6.3 


Divide 


9.8 


10.4 


10.4 








10.5 


10.5 


Compare 


3.15 


3.75 


3.75 








3.85 


3.85 


Extended Floating Point 


















Load 




1.3 


1.3 












Store 




1.45 


1.45 












Add/Sub (Typical) 


5.75 


6.55 


6.55 












Multiply (Typical) 


12.4 


13.2 


13.2 












Divide (Typical) 


21.15 


21.95 


21.95 












Compare (Typical) 


3.85 


4.65 


4.65 













Branch 



Taken 



Not Taken 



0.75 



0.2 



Table 3 Execution Times 
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Fault Register (FT) 

The Fault Register is 16 bits wide. Bit functions are 
described next. 



Bit 





CPU memory protect error 


Bit 


1 


Non-CPU memory protect error 


Bit 


2 


Memory parity error 


Bit 


3 


Spare 


Bit 


4 


Spare 


Bit 


5 


Illegal I/O address 


Bit 


6 


Spare 


Bit 


7 


System Fault 


Bit 


8 


Illegal memory address 


Bit 


9 


Illegal instruction 


Bit 10 


Privileged instruction 


Bit 11 


Address State error 


Bit 


12 




Bit 13 


BITE (Built-in Test) or System Fault 1 


Bit 14 


Spare 


Bit 15 


System Fault 1 



System Fault and System Fault 1 are asynchronous, 
edge-sensitive inputs to the F9450 processor. 

Any bit set in the Fault Register can cause a Level 1 
'nterrupt. Major or unrecoverable errors as defined below 
A\ cause the CPU to abort the current instruction. 



An enabled interrupt with highest priority that is not 
masked is processed as follows. Upon completion of the 
current instruction that is not aborted, further interrupts 
are disabled, and the enabled interrupt reads with AS = 
(via the Service Pointer) the new Mask, Status Word, 
and Instruction Counter, and then stores with the new 
AS (via the Linkage Pointer) the old Mask, Status Word, 
and Instruction Counter. 

Interrupts are acknowledged by resetting the 
acknowledged interrupt bit in the PIR and executing an 
I/O cycle during which the acknowledged interrupt num- 
ber is sent to I/O device 1000. Level interrupt requests 
should be removed within two machine cycles after the 
I/O acknowledged cycle. This period could be extended 
by inserting wait states. 

The Pending Interrupt Register can be loaded via a 
privileged XIO instruction to generate simulated 
interrupts. 

The Executive Call is invoked by the BEX instruction that 
provides a means to jump to a routine in another address 
state (AS). It is typically used to make controlled, protec- 
ted calls to an executive using one of 16 executive entry 
points. 



Major Errors 

Privileged instruction 
CPU access mode 
CPU write protect 
CPU data illegal address 
Illegal I/O address 

Unrecoverable Errors 
Illegal instruction 
Instruction protect fault 
Instruction parity 
Instruction illegal address 
Address state fault 

Interrupts 

There are 16 levels of interrupt prioritized on chip as indi- 
cated in Table 4. Nine are external, of which two are level 
sensitive (lOLi INT, IOL 2 INT). The other seven external 
interrupts are either level or edge-sensitive, according to 
the interrupt mode bit in the configuration register. All 
interrupts are latched into the Pending Interrupt Register 
(PIR) and may be disabled, or masked by the Mask 
Register (MK), except as indicated in the table. 







interrupt 


Interrupt 




Priority 


Linkage 


Service 




(PIR/MK 


Pointer 


Pointer 




bit number) Address (Hex) 


Address(Hex) 


Power Down 1 


3 


20 


21 


Machine Error 2 


1 


22 


23 


UserO 


2 


24 


25 


F.P. Overflow 


3 


26 


27 


Fixed Point 


4 


28 


29 


Overflow 








Executive Call 1 


5 


2A 


2B 


F.P. Underflow 


6 


2C 


2D 


Timer A 


7 


2E 


2F 


Userl 


8 


30 


31 


Timer B 


9 


32 


33 


User 2 


10 


34 


35 


User 3 


11 


36 


37 


I/O Level 1 


12 


38 


39 


User 4 


13 


3A 


3B 


I/O Level 2 


14 


3C 


3D 


User 5 


15 


3E 


3F 


Notes: 1. Cannot be masked or disabled 






2. Cannot be disabled 






3. Interrupt level has the highest priority 





Table 4 Interrupt Priorities 
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Self Test and Initialization 

The Self Test is part of the Initialization sequ ence 
(Figure 13) that is invoked by the assertion of RESET. 

Self Test Functions 

Reads/writes all registers in register file 

Causes address state fault and verifies that the fault 
bit is set and a machine error interrupt is pending 

Verifies ALU functions 

Checks Booth hardware by performing a multiply 

Checks divide hardware by performing a divide 

ALU shifter is checked right/left by Booth/divide 

Verifies ROM constants can be accessed 

Verifies IC/MAR can be accessed and incremented 

If completed successfully, the Normal Power Up discrete 
output (NML PWRUP) will be set, else bit number 13 in 
the Fault Register is set. 

Reads the configuration from I/O device 8410 into the 
SCR to determine the presence or absence of the MMU, 
BPU, Console, Co-processor - it also initializes the inter- 
rupt mode and then initializes the system as follows. 



GED 



CPU 

Instruction Counter (IC) 

Status Word (SW) 

Fault Register (FT) 

Pending Interrupt Register (PIR) 

Interrupt Mask Register (MK) 

Interrupt 

DMA Enable 

Timers A&B 

Trigger GO Reset (TRIGO RST) 

MMU (see Page 18) 
Page Registers 
AL Field 
W Field 
E Field 
PPA Field 

BPU (see Page 22) 
CPU Write Protect Registers 
DMA Write Protect Registers 
Global Memory Protect 



All Zeros 

All Zeros 

All Zeros 

All Zeros 

All Zeros 

Disabled 

Disabled 

All Zeros & Counting 

Pulsed 



All Zeros 
All Zeros 
All Zeros 
Logical to Physical 



PERFORM SELF 
TEST 



FT13*— 1 


YES ^XSELF TEST^Sw 
"* XFAILURE?^ 








Jno 






SET NORMAL 
POWER UP 














l' 




READ 

CONFIGURATION 

(I'O CYCLE) 




V 




INITIALIZE 
CPU 




dF) 



Fig. 13 Self Test/Initialization 



All Zeros 
All Zeros 
Enabled 
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Console Operations 

Consoles are treated by the F9450 microprocessor as 
three Input/Output addresses: console command (8400), 
console read address (switches) (8401), or console write 
address (displays) (0400). 



Console operation is initiated when the CONREQ input 
goes LOW. The CPU completes the current instruction, 
executes an Input/Output cycle to read the console com- 
mand from the information bus, (I/O address 8400), and 
then executes the console command. Typically, it 

inwrtluac l/n aHHmeeoc RAf\"\ tn enter rnnenlo Hflta and 

0400 to write data to the console. Console operations 
and corresponding codes are listed in Table 5. 



7 8 9 10 



0,1,2,3,4,5,6,7 
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CONSOLE CODE 


* • 


REGISTER ADDRESS 



10, 11, 12, 13, 14, 15 



74 


: DISABLE 


60 


EXAM REG 


61 


■ DEP REG 


62 


EXAM FT 


66 


EXAM MEM 


67 


DEP MEM 


6A 


EXAM NEXT 


6B 


DEP NEXT 


75 


CONTINUE 


6C 


EXAM XIO 


6D 




6E 


EXAM XIO NEXT 


6F 


DEP XIO NEXT 



Bits 8 and 9 are always "Don't Care" 



Table 5 Console Command Format 



000000 

01 0000 
000001 

01 0001 

0000 10 
010010 

00001 1 
010011 
0001 00 
010100 

r\ f\ n a r\ a 
U V \J I V I 

010101 
0001 1 
010110 
0001 1 1 
010111 
001 000 
01 1 000 
001001 
011001 
001010 
011010 
001011 
011011 
001100 
001101 
001110 
011110 

1 oooxx 

100101 
1010XX 
1 1 1XX 



R0 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 

d-i n 
n iv 

R11 
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Fig. 14 F9451 MMU Pin Functions 

F9451 Memory Management Unit (MMU) 

The Memory Management Unit provides the following 
functions 

•Logical to physical address translation 
•Address space of 1M words (20 bits of address) 
•Two translation maps 

Instruction map (256 x 16) 

Data map (256 x 16) 
•Protection in the logical space of 4K word pages for 

Access Key to Access Lock match 

Write protect 

Execute protect 

Address Translation and Protection Mechanism 

The memory is mapped in 4K word pages. The mapping 
mechanism incorporates 512 page registers that are or- 
ganized in 16 pairs of groups, one for instruction memory 
space and one for data memory space. Each group 
contains 16 page registers accommodating a total of 256 
registers for data space and 256 registers for instruction 
space (Figure 15). 

One of 16 pairs of groups is selected by the four AS bits. 
The selection of the group within the pair is done by the 
D/l (Data/Instruction) bit. The page register within the 
group is selected by the four most significant bits of the 
address. The eight bits of the PPA field (Physical page 



Address) are concatenated with the 12 least significant 
bits of the address to become the 20 bits of physical 
address. 

The MMU also checks for protection violations by com- 
paring the Access Key (AK) to the access lock (AL field 
in the page register), and by examining the Write protect 
bit (W in page register) if data is accessed, or the 
Execute protect bit (E in page register) if instruction is 
accessed. If a violation occurs, it activates the memory 
protect error output. Page Registers are read or written 
by means of XIO instructions. 

Principle of Operation 

The MMU (Figure 76) comprises the F9451 MMU chip 
plus four F93479 (instruction and data maps) and two 
bidirectional buffers (54F245). 

The F9451 generates the addresses and controls for the 
map RAMs that provide the eight most significant bits of 
the physical address. To avoid the access time to the 
map RAMs every CPU memory access, the F9451 
employs on-chip cache mechanisms. 

The last AS bits and four most significant address bits 
(for Data and Instruction) are latched, for comparison 
during the next memory access. Only in the case of a 
cache miss is a Map RAM access necessary. The last 
Access Lock (AL) and Execute (E)/Write (W) protect bits 
from the Map RAM are latched as well to be used for the 
following cycles if cache hits occur. 

F9451 Signal Descriptions 

Status Bus 

AKq through AK 3 , Pins 14, 15, 18 and 19 Access Key 
Bus - Four inputs from CPU or DMA used to convey the 
memory access key. This is compared with the lock in- 
formation which is retrieved fro m the MMU MAP and 
used to produce MEM PRT ER if a violation occurs. 

AS through AS 3 , Pins 20 through 23 - Address State 
Bus - Four inputs from CPU or DMA used to specify the 
state (0-15) of the user who is referencing memory. Used 
by the F9451 to select the page group of the MMU MAP 
appropriate for this particular user. 

Information Bus 

IB through IB 15 , Pins 24 through 31 and 33 through 40 - 
16-bit Bus - 16 inputs from main system Address/Data 
bus used to transfer Address or I/O code from CPU or 
DMA to the F9451 during the Address phase of a Bus 
cycle. 

Timing and Status 

STRBA, Pin 50 - Address Strobe - Active HIGH input 
from CPU or DMA. HIGH: Address phase of Memory or 
I/O cycle, HIGH-to-LOW transition latches address. 

RDYA, Pin 42 - Address Ready - Open-collector output 
to the CPU or DMA used by the F9451 to extend the 
Address phase of a Memory or I/O cycle. The F9451 pulls 
RDYA LOW prior to the beginning of a Bus cycle and 
then releases it after a variable number of S1 states. 
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Other devices can insert additional S1 states 
by OR-tying their own open-collector RDYA 
outputs with this pin. 



STRBD, Pin 51 - Data Strobe - Active LOW input from 
CPU or DMA. LOW: Data phase of Bus cycle, LOW-to- 
HIGH transition used by F9451 to terminate IOE or IWE. 

RDYD, Pin 43 - Data Ready - 3-state output to the CPU 
used to extend the Data phase of I/O cycles when the 
CPU is writing to the MAP RAMs. Inserts one additional 
S3 state. Not enabled during Memory cycles. HIGH: 
Ready, LOW: another S3. 

R/W, Pin 44 - Read/Write - Input from CPU or DMA to 
specify direction of data transfer during Memory or I/O 
cycles. HIGH: Data moves from MMU MAP RAM or 
Memory to the CPU or DMA S LOW: Data moves from CPU 
or DMA. 

M/IO, Pin 46 - Memory-I/O - Input from CPU to specify 
type of cycle. HIGH: Memory Cycle, LOW: I/O cycle. 

D/T, Pin 45 - Data/Instruction - Input from CPU to specify 
type of Memory cycle. HIGH: Operand reference, LOW: 
CPU Instruction fetch. 



BUS BUSY, Pin 47 - Bus Busy - Active LOW input from 
CPU or DMA LOW-to-HIGH transition marks the end of 
the current Bus cycle. HIGH: bus idle or being 
rearbitrated. 

MMU MAP RAM Interface 

PAq through PA 3 , Pins 63 through 60 - Page Address Bus ■ 
Four outputs from the F9451 to the four MSB address 
inputs to all four of the F93479 MMU MAP RAMs. Directly 
related to AS _ 3 . 

DA through DA 3 , Pins 55 through 52 - Data Address Bus 
Four outputs used to address four LSB address inputs 
of the two MAP RAMs used during operand references. 



IOE and DOE, Pins 9 and 6 - Instruction Output Enable 
and Data Output Enable - Two outputs used to control 
the Output Enables of the two groups of F93479 MMU 
MAP RAMs for instruction fetches and operand 
references, respectively. Active also during I/O cycles 
which read the contents of the RAMs to the CPU. LOW: 
Enable - HIGH: Disable. 



IWE and DWE, Pins 10 and 7 - Instruction Write Enable 
and Data Write Enable - Two outputs used to control the 
writing of the MMU MAP RAMs by the CPU connected to 
the Instruction and Data (Operand) RAMs respectively. 
LOW: Write, HIGH: Read. 

IAq through IA 3 , Pins 59 through 56 - Instruction Address 
Bus - Four outputs from the F9451 used as the four LSB 
address inputs to the two MMU MAP RAMs used for in- 
struction references. 

ALq through RAL 3 , Pins 4 through 1 - RAM Access 

. ««•' c n"' i«*V!*C *<"» *^>fi EQAEZ4 fi-/-tm th« MMil MAO 
uuvrn ~ i Uui iiipuio iv/ nio rSn^i iiuin uio iviiviv/ mm 



RAMs to signify the lock loaded in the MAP for the 
current AS and the area of memory the user is trying to 
access. Compared with AK to generate MEM PRT ER. 

E/W, Pin 5 - Execute/Write Protect - Input to the F9451 
from the MMU MAP RAMs to signify whether the CPU is 
allowed to fetch an instruction from the addressed area 
of memory or if the CPU or DMA is allowed to alter (by 
writing) memory. HIGH: protect, LOW: allow access. 

General Purpose Signals 



RESET, Pin 17 - Reset - Active LOW input from system 
used to initial ize F94 51 at power up. Proper initialization 
requires that RESET be asserted for at least four clock 
cycles. LOW: Reset, HIGH: Normal operation. 

CPU CLK, Pin 49 - CPU Clock - System clock input to 
the F9451. The LOW-to-HIGH transition causes a change 
of state in the F9451. Frequency range is to 20 MHz. 

BOE, Pin 11 - Buffer Output Enable - Output from the 
F9451 used to control a 16-bit wide bidirectional bus 
transceiver between the Information bus and Extended 
Address (including the extra three reserved bits), RAM 
Access Lock and Execute/Write Protect. This Buffer is 
enabled only during I/O operations to the MMU MAP 
RAMS. The directionjnput of this buffer can be driven 
directly from the R/W signal. LOW: Enable, HIGH: Disable 
(normal). 

ABORT, Pin 13 - Aborted Cycle - Active HIGH input from 
the GPU (MAJ ER, UNRCV ER) used by the F9451 to 
prevent alteration of any of its registers during Aborted 

»., n u e i n ;ti a f A /4 k,, +!-.« r>pi i Thi e a i c n (nr/. as pnvA LJI/^U 
iryvsico iiiriialcu uy mo uru. iiiio dioU iwiucb nuin fiivji i 

after only S1 state. HIGH: Abort cycle, LOW: Normal 
operation. 



MEM PRT ER, Pin 41 - Memory Protect - Open-collector 
output to the CPU, memory, and other circuits, which sig- 
nals that the user's Address Key did not match the 
Access Lock. It also can indicate that the user was at- 
tempting to execute an instruction from a protected area 
of memory, or attempting to write into a protected area 
of memory. Signal is stable prior to the HIGH-to-LOW 
transition of STRBA. LOW: violation, HIGH: memory 
reference valid. 

ADD VAL, Pin 12 - Address Valid - Active HIGH output 
to the Block Protect Unit and other circuits. LOW-to- 
HIGH transition signals that the Extended Address from 
the MMU MAP RAMs is stable. HIGH-to-LOW transition 
follows STRBA. 

SPEED, Pin 8 - Speed Select - Active HIGH input used 
to inform the F9451 of the speed range of the accom- 
panying CPU. HIGH: 20 MHz CLK, LOW: 10 MHz CLK. 

The number of wait states introduced by the MMU is 
thrown in Table 6. 

GND, Pins 16 and 48 - Ground 

V cc , Pin 64 - Nominal +5 V, 70 mA 

V INJ , Pin 32 - Injector Supply - Nominal (at 

approximately 1.3 V), 80 mA. 



19 



F9450 (MIL STD 1750A) 



Clock Rate 







20 MHz 


10 MHz 


Type of Cycle 


S1 


S3 


S1 


S3 


I/O 


MMU 


3 


1 


1 







MMU 


2 





1 





Memory 


Page 
Boundary 
Crossed 
(Miss) 


4 





2 







No Page 
Boundary 
Crossed 
(Hit) 


2 





1 






Table 6 MMU Wait States 



ACCESS FAULT 




MEMORY PROTECT ERR 



20-BIT 

PHYSICAL ADDRESS 



I ** I I * S I 

PROCESSOR STATUS WORD 



Fig. 15 MMU Mapping Structure 



LOGICAL ADDRESS 

I ADDRESS OF WORD 

WITHIN 4K PAGE 

LOGICAL ADDRESS OF 4K PAGE 
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Fig. 16 F9451 MMU Block Diagram 
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Fig. 17 F9452 BPU Pin Functions 

F9452 Block Protect Unit 

The Block Protect Unit (BPU) provides the following 

functions. 

•Write protection of physical CPU memory space 

•Write protection of physical DMA memory space 

•Protection is done on 1K pages 

•Global memory write protection from initialization until 
being enabled. 

Principle of Operation 

The BPU provides write protection via a look-up table 
(RAM), in which each bit represents 1K word page in 
physical memory. The look-up table is organized in 16-bit 
words and contains 128 x 16 words (64 for CPU and 64 
for DMA) when an MMU is incorporated, or 8 x 16 words 
(four for CPU and four for DMA) when an MMU is not 
incorporated. 



The F9452 BPU chip (Figure 17) communicates with the 
look-up table RAM in bytes. It employs a cache 
mechanism in which the last memory address and the 
last 16-bit write protect word read from the RAM 
(representing 16 contiguous 1K pages) are latched on 
chip. In the subsequent memory access, the look-up 
table RAM is only accessed if there is a cache miss. The 
look-up table words are read or written by means of XIO 
instructions. 

F9452 Signal Descriptions 

Information Bus 

IBfl through IB 15 , Pins 24 through 31 and 33 through 40 - 
16-bit Bus - Active HIGH bidirectional bus for com- 
munication between CPU and F9452. 

EXT ADD through EXT ADD 7 , Pins 14, 15 and 18 through 
23 - Extended Address - Active HIGH inputs, eight bits 
of extended address, coming from the MMU, Figure 21. 

Timing and Status 

STRBA, Pin 50 - Address Strobe - Active HIGH input 
used to latch the memory or I/O address from the 
Information bus on the HIGH-to-LOW transition. 

RDYA, Pin 42 - Address Ready - Active HIGH open- 
collector output used by the BPU to maintain the ad- 
dress on the information bus by pulling it LOW. 



STRBD, Pin 51 - Data Strobe - Active LOW input used as 
a strobe for the data phase of the information bus. 

RDYD, Pin 43 - Data Ready - Active HIGH output used to 
synchronize the Block Protect RAM with the CPU during 
I/O cycles with the look-up table RAM. 

R/W, Pin 44 - Read/Write - Input indicating the direction 
of data transfer. HIGH: data transfers to CPU, LOW: data 
transfers to Block Protect Unit. 

M/IO, Pin 46 - Memory-Input/Output - Input indicating 
whether a Memory Bus cycle or an I/O Bus cycle is 
taking place. HIGH: Memory Bus cycle, LOW: I/O Bus 
cycle. 



BUS BUSY, Pin 47 - Bus Busy - Active LOW input in- 
dicating that a Bus cycle is in progress. 
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RAM Interface 

Aq through A 7 , Pins 63 through 56 - RAM Address - 
Active HIGH outputs, eight bits of address data to the 
look-up table F93479 RAM. 

D through D 7 , Pins 8 through 1 - RAM Data - Active 
HIGH bidirectional signals, eight bits of data to the 
look-up table F93479 RAM. 



RWE, Pin 54 = RAM Write Enable - Active LOW output 
that provides a Write Enable signal to the look-up 
♦able PQ3479 da m when LOW. 

ROE, Pin 53 - RAM Output Enable - Active LOW output 
that controls the output enable of the look-up table 
F93479 RAM - LOW: Enable; HIGH: Disable. 

Genera l Purpose Signals 

RESET, Pin 17 - Reset - Active LOW input used to in- 
itialize internal circuitry and to disable memory protec- 
tion mechanism. Sets GLOB PRT EN. 

CPU CLK, Pin 49 - CPU Clock - Active HIGH single- 
phase clock input. LOW-to-H!GH transition causes the 
F9452 to change states. Frequency range is 0-20 MHz. 



.vIEM PRT ER, Pin 41 - Memory Protect Error - Active 
LOW open-collector output indicating that a memory 
write was attempted to a protected location. 

GLOB PRT EN, Pin 55 - Global Memory Protect Enable - 

A^tiuo t-II^M mifnut !nHi/»atinn that momnru ic trt ho 

globally write protected. It is set by RESET, and reset by 
executing an MPEN instruction. 

ABORT, Pin 11 - Abort - Active HIGH input indicating 
that the cycle is aborted (MAJ ER, UNRCV ER in F9450). 
Write to the look-up table RAM is inhibited. 

DMA ACK, Pin 13 - Direct Memory Access Acknowledge- 
Active HIGH input from the aribiter used to select the 
appropriate bank in the memory look-up table. 

ADD VAL, Pin 12 - Address Valid - Active HIGH input 
from the Memory Management Unit used to enter the 
extended address. 



SPEED 1 and SPEED 2 , Pins 9 and 10 - Clock Speed Data 
- Active HIGH inputs used to control the clock frequency 
as indicated in the table below, and the number of wait 
states introduced by the BPU as a function of the clock 
ranges is shown in Table 7. 



CPU CLOCK 


SPEED, 


SPEED 2 


Freq. Range 






MHz 






i5_20 


1 


i 


12-15 


1 





8-12 





1 


less than 8 









GND, Pins 16 and 48 - Ground 

V cc , Pin 64 - Nominal + 5 V, 70 mA. 

V| NJ , Pin 32 - Injector Supply - Nominal (at 
approximately 1.3 V), 140 mA. 

Type of Cycle 



Clock 


15-20 MHz 


12-15 MHz 


8-12 MHz 


<8MHz 


Cycle 


Si s 3 


Si s 3 


Si s 3 


Si s 3 




BPU 


2 6 


2 4 


1 4 


1 £. 


I/O 


BPU 


2 


2 


1 


1 


Memory 


Miss 


3 


2 


1 


1 


Write 


Hit 


2 


1 








Memory 
Read 




1 


1 


1 






Table 7 BPU Wait States 



23 



F9450(MILSTD1750A) 



OMAACK 



EXTADRo-7 



'Bo-15 



-/- 



1 EXTAORg 



8TH 

BIT 

LOGIC 



/8 



DMA ACK 
EXTADRo.5 



SPEED, 



-*l 



BIDIRECTIONAL 
BUFFER 



<~ 



-*T 



EXTAORg 
DMA ACK 7 

"^ T*" 

5* 



*7* 



R/W 



STRBD 



ADDRESS 
REGISTER 



ABORT 



ABORT 
LOGIC 



XIO 
LOGIC 



yf 



-*+ 



DMA ACK 
EXTADRo4 



F93479 

RAM 

256 BY 9 BITS 



COMPARATOR 



L V 



BIDIRECTIONAL 
BUFFER 



■*■ 



DATA 
REGISTER 



HIT/MISS 



/' 



PROTECT 
LOGIC 



TIMING 
LOGIC 



RAOE.RAWE 
.2 



-► MEMPRTER 



-+• GLOBPRTEN 



ROYA 



RDYD 



J 



Fig. 18 F9452 BPU Block Diagram 
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Applications 

Basic System Configurations 

The basic system configurations usina the F9450, F9451 
and F9452 are shown in Figures 19-21. A CPU/MMU con- 
figuration (Figure 19) provides a 1M word memory space 
with access lock/access key, execute and write 
protection. The MMU indicates the validity of the eight 
extended address bits (concatenated with the 12 least 
significant bits of the address to constitute the 20-bit 
physical address) by activating the ADD VAL pin. It will 

_i~_. i_*~i~j xi rirws a :__. .x x_. xu_ r»nn i r\\Ai __ i___ __ xl~. 
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extended address bits are not valid. 

Any protection violation is reported to the CPU (to start 
the fault handling process) by pulling the MEM PRT ER 
pin LOW. The two 54F245s provide the data path 
between the Map RAM (four 93479s) and the CPU. 

In a CPU/BPU configuration (Figure 20), the BPU provides 
write protection for 1K word pages. The protection is 
done for the CPU memory space and DMA memory space 
as determined by the DMA ACK input. Global memory 
write protection is provided by the GLOB PRT EN output 
as long as the BPU is not enabled. The BPU pulls the 
DYA input HiGH when it i s ready and re ports write 
protect error by pulling the MEM PRT ER output LOW. 

A CPU/MMU/BPU configuration will provide a 1M words 
addressing space with 4K page protection in logical 
space for lock/key, write and execute protections, as well 

ae 'iK nana \kirHa nmiar*t\r\n in tho r»hwei/^al cnar>Q In thic 



case, the RDYA and MEM PRT ER inputs to the CPU are 
wired-OR between the MMU and the BPU. 

Multiprocessor/Bus Arbitration Functions 

A simpl e bus arbit r ation sche me u ses three b us control 
signals, BUS REQ, BUS GNT, and BUS LOCK, 



BUS REQ - generated by any bus master requiring the 
bus 



BUS GNT - generated by the arbiter (which is sequenced 
by the CPU clock) to the requestor with the highest priority. 



BUS LOCK - generated by any bus master indicating 
that the bus is unavailable to other bus contenders 

Timing requirements for the arbitration sequence is il- 
lustrated in Figure 10. Three configurations are dis- 
cussed (Figures 22-24). 

1 CPU and DMA with DMA device having highest priority 
, Dual CPU with one CPU assigned highest priority 
3. Multiple bus masters with arbitrated priority 



CPU/DMA Arbitration - In a single CPU/DMA configura- 
tion (Figure 22), the DMA device (if enabled by the CPU) 
has the highest priority. The CPU has access to the bus 
only if the DMA device doesn't request it. 

Duai CPU Arbitration - in a dual CPU configuration 
(Figure 23), one is arbitrarily assigned the highest 
priority, and the low priority CPU has access to the bus 
only if the high priority CPU doesn't request it. 

Multiple Bus Masters with Arbitrated Priority - Figure 24 

HaniMe p euefam tirith ainht Kiio moctare cAi/Ari ODI lo 
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operating from the same CPU clock, and one 
asynchronous DMA device. The external arbiter contains 
few TTL devices, only requiring the 54F175 register when 
operating at a high CPU clock frequency. The DMA 
device master can have its bus request to the arbiter 
qualified by the DMA EN output of its corresponding CPU. 

One approach when using multiple DMA devices is as 
follows. Multiple DMA devices would presen t their 
requests to the bus arbi ter, causin g a single DMA RQ to 
appear at the arbiter. A DMA ACK signal from the arbiter 
is expected, and once issued by the arbiter, the highest 
priority requesting DMA device (assuming more than one) 






uan use u ic uus. 



Because the DMA device, in the general case, is not 
synchronous with the CPU bus masters and since the 
DMA RQ is the highest priority bus request, the 
acknowled ged DMA device must either keep its request 

/nMA RD\ a/~tiyo ae Irmn ae it ie iicinn tho hue nr nnro 

having acquired the bus, assert BUS LOCK before relin- 
quishing its request. 

Built-in Function Implementation with an External Co- 
processor 

The Built-in Function (BIF) is an escape code in the 
F9450 instruction set that allows user defined 
instructions. Use of an external co-processor for BIF 
implementation is shown in Figure 25. 

The co-processor is receiving the command word 
(defining the instruction) and control word via XIO 
instructions. The operands to the co-processor are 
passed from the F9450 by parameter address passing, 
and the co-processor becomes a bus contender 
arbitrated by the bus arbiter (Figure 25a). If the system 
includes an MMU, an additional latch has to be added 
(Figure 25b) to provide the Address State (AS) and 
Access Key (AK) for the co-processor. 

I/O addresses for the co-processor as well as other dedi- 
cated I/O addresses are listed in Table 8. 
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10 Address (Command) 


Input/Output 


Function 


8400 

8401 
0400 


Input 

Input 
Output 


Read console 

command 

Read console data 

Write result into 

console 


8410 


Input 


Read system con- 
figuration 


0800, 0900, 0A00, OBOO 

0801, 0901, 0A01.0B01 


Output 
Output 


Write derived 
address to 
coprocessor No. 1 , 
2, 3 or 4 

respectively, (used 
to implement 
Built-in functions.) 

Write Op-code 
into coprocessor 
No. 1 , 2, 3 or 4 
respectively. 


1000 


Output 


Indicate an 
interrupt 
acknowledge 
cycle. Used by 
external devices to 
reset their level 
generated 
interrupts. 



r 



Table 8 Dedicated I/O Addresses 
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Fig. 19 CPU/MMU Configuration 
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Fig. 20 CPU/BPU Configuration 
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Fig. 21 CPU/MMU/BPU Configuration 
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Fig. 22 Single CPU/DMA System with External Arbiter 



Fig. 23 Dual CPU with External Arbiter 
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Fig. 24 External Arbitration for up to 8 Bus Masters 
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Fig. 25 F94507 Co-Processor 
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Ordering Information 

Device Package 

F9450 Ceramic DIP 

F9450 Ceramic DIP 

F9450 Ceramic Gull Wing DIP 

F9451 Ceramic DIP 

F9451 Ceramic DIP 

F9451 Ceramic Gull Wing DIP 

F9452 Ceramic DIP 

F9452 Ceramic DIP 

F9452 Ceramic Gull Wing DIP 

* XX = Speed, to be defined 



Order Code* 

F9450 XX DM 
F9450 XX DMQB 
F9450 XX GMQB 
F9451 XX DM 
F9451 XX DMQB 
F9451 XX GMQB 
F9452 XX DM 
F9452 XX DMQB 
F9452 XX GMQB 



Inquiries regarding the F9450 Family, including available 
software and development tools, should be directed to: 

M. Grisham, Fairchild R&D, 4001 Miranda Avenue, Palo 
Alto, CA 94304, 415/493-7250 



or 



J. R. Byrne, Fairchild Microprocessor Products, 3420 
Central Expressway, Santa Clara, CA 95051, 
408/773-1000. 



Fairchild cannot assume responsibility for use of any circuitry described 
other than circuitry embodied in a Fairchild product. No other circuit patent 
licenses are implied. 



Manufactured under one of the following U.S. Patents: 2981877. 3015048. 
3064167. 3108359. 31 17260; other patents pending 
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Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F9470 Communication and Console 
Controller is an LSI MOS device that provides the 
Fairchild F9445 16-bit ! 3 L® microprocessor with virtual 
console control functions via a pair of asynchronous 
communication ports. 

The F9470 provides a variety of useful console functions, 
including examine and deposit to memory and 
accumulators, jump to a specified location, and trace the 
F9445 instruction execution. 

The F9470 operates in two modes: console control and 
I/O service. In the console mode, ail communication with 

ihe r»44o is COriirOiieu Dy inc roti u, wiiit-.ii iiiicifjicio 

the seven console commands, requests the appropriate 



information from the F9445, and then outputs it to the 
operator's terminal. 

In the I/O service mode, the F9470 acts as a serial I/O 
controller, interfacing the serial I/O devices to the F9445 
xhrougn ueviue uuu6s iu-u anu 11. mcwuouic 
commands are not available while in the I/O service 
mode: all I/O in this mode must be programmed through 
the F9445. 

• Accesses Microprocessor Internal Registers 

flk Tuft ApwnAkrnnAiiP Cpriol Dnrte 
w invnjjiiviiiivnuuS w*nui ■ wi »«# 

• Allows VDU to Operate as a Console for an F9445 
System 

• 40-Pin DIP Requiring Single +5 V Power Supply 

• N MOS Technology. 

Figure 1 illustrates the pin configuration of the console 
controller. 
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Figure 1 Pin Configuration of the Console Controller 
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The three jumpers in figure 1 perform the following functions. 



Jumper Name 



Description 



J1 INTA ENABLE Jumpered low, the F9470 is the highest pr oirity I/ O device, or the only I/O device in the 

system. Removing the jumper and driving INTPIN provides a daisy-chain priority-interrupt 
scheme. A high level on this pin allows interrupts from the I/O terminal to be disabled when 
a device with a higher priority interrupts the CPU. 



nC77 CMADI C 



I 1/~ll_IL_L 



J3 



F9470 I/O 
SERVICE 
ENABLE 



\A/ith tKio lnmrusr in r>lgi/->Q the CQA7H riaer»r»r")He +Q HgyJQg C0d6 77 ^OCtah n rO n rammed I/O 

instructions. Removing the jumper allows faster interrupt response to a system device that 
interrupts the CPU at a higher frequency. Notice that MSKO, INTA, and IORST are no longer 
available with the jumper removed. 

Connect the jumper to ground to use the I/O service mode. The F9470 decodes and executes 
I/O instructions for a processor in order to control the serial output. The F9470 responds to 
device codes 10, 11, 12, 13, and 77 (teletype in and out, paper tape reader and punch, CPU), 
and stalls the CPU to get time to decode and respond to the instructions using these device 
codes. 



Console n/iocie Operation 

The procedure used to communicate with the F9470 in 
the console mode is as follows: 

Entering Data and Commands 

The console prompt is an asterisk(*), which indicates the 
F9470 wiii accept commands. The commands are 
executed by typing the desired capital letter or, where 
appropriate, the octal number(s) and letter. No carriage 
return (CR) is necessary. Once within the examine (E) 
mode, some keystroke is used to complete each 
individual entry. The strokes are (CR) and A. Each closes 
the present entry, and then respectively goes to the next 
or previous address location. To write a program with the 
E command, enter the octal values equivalent to the 
F9445 binary instruction codes. (See the F9445 data 
sheet for a description of the instruction set.) 

Recovering from Keystroke Error 

If an error is made by typing the wrong letter command, 
there is no recovery, since execution begins immediately. 
There are many ways to correct data errors. 
(Characteristics vary among terminals; the following text 
refers to what occurs when using the Zenith terminal.) 



5. 



octal numbers, so only the last six entries will be 
used. For example, 77777777 is interpreted to be 
177777. Only the least significant bit of the most 
significant number is read. 

CTRL-H. This backs up over each mis-typed number 
and echoes each entry, so the number of character 
ucieiions is apparent.. 

Pressing the backspace key is identical to pressing 
CTRL-H. 

Pressing any key other than through 7, or any 
accepted command letter, returns to the console 
mode. 

After executing the examine command, xxxE, 
pressing any key other than through 7 &(CR), or A 
returns to the console mode. 



Return to Console Mode from I/O Service 

BREAK (or CTRL-BREAK) enters the console mode from 
the I/O service mode. The F9445 will continue execution 
of any currently running code. (BREAK and CTRL-BREAK 
are keystrokes. Some terminals require that the key 
labeled CONTROL be held while the BREAK key is 
struck.) 
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The seven console commands processed by the F9470 are given in table 1. 
Table 1 F9470 Console Mode Commands 



Command Description 



A Displays seven fields, the present octal contents of the PC, ACO, AC1, AC2, AC3, SP, and FP registers. PC 

contains the next instruction to be executed. 

n,vC Changes any of six registers to the new octal value, v. To select which register, choose the octal code 

associated with that register. 



Octal code (n): 





1 


2 


3 


4 


5 


Register: 


ACO 


AC1 


AC2 


AC3 


SP 


FP 



If v is omitted, the chosen register is set to 0. Comma is the only proper delimiter to use. 

xE Examines the contents of the memory cell at address x. The address and its present octal contents are 

displayed on the terminal. New octal contents may then be typed. A carriage return enters the new value and 
closes the cell. The next address (x + 1) and its contents are then displayed, and its new value can be typed. 
Entry continues in sequential locations until the ESC key is pressed and terminates the examining session. 
Pressing multiple carriage returns effectively displays the contents of consecutive cells. If a (circumflex) is 
pressed instead of (CR), an open cell is closed, new data (if any) is entered, and the previous address cell is 
opened. 

xJ Jumps to location x and begins executing the program located there in F9445 absolute assembly language. 

Transfers from console mode to service I/O mode. 

xR Jumps to location x and begins program execution. This is identical to the jump (J) command, except the 

F9470 remains in the console mode. The console responds to keystrokes, such as A, T, or more R 
commands. When the R command is used, the F9470 does not respond to I/O instructions from the F9445, 
and program execution halts when another console command (e.g., A) is entered. Back-to-back R commands 
are not recommended. 

S Allows the user to reset the baud rate. Issue this command, attach the CRT cable to another device or re-set 

the baud rate of the terminal in use, then press (CR). The software of the F9470 sets the board baud rate to 
agree with the rate of the attached device. A second rate can then be software-programmed, in accord with 
the restrictions noted in figure 2. 

nT Traces through the user program n (octal) steps, beginning at the address pointed to by the PC counter or 

where the previous trace left off, whichever was last. If n = or 177777, it will trace forever; if n is omitted, 
it traces one step. To start tracing at location x, set the PC counter to x with the command xE, then press 
the ESC key to terminate the examine mode; finally, use the appropriate T command to begin tracing. For 
every program step that is traced, the command T displays eight fields: the memory address, the instruction 
in octal form, the four accumulators, the stack pointer, and the frame pointer. 
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I/O Service Mode Operation 

When performing I/O functions with the F9470, the 
following restrictions should be noted. 

1. The busy flag is not set with input device codes 10 
and 12, therefore, SKPBZ and SKPBN should not be 
used with these codes. 

2. The F9470 requires some time after clearing the 
done flag to remove the associated interrupt 
request. When performing interrupt-driven I/O to the 
F9470, the operator needs to add a delay between 
the clear request and the next INTEN. Alternatively, 
the interrupt handler must be able to tolerate a 
bogus interrupt from the F9470. In this latter case, 
an INTA command will return a zero (0), which the 
interrupt handler should ignore, and then re-enable 
interrupts. 

When in the I/O service mode, the F9470 responds to the 
F9445 data control instructions presented in table 2. 
These commands are a subset of the F9445 mnemonic 



The F9470 responds to the interrupt control instructions 
listed in table 3 when in the I/O service mode. 

Table 3 F9470 Interrupt Control Commands 



Instruction 



Description 



MSKO-AGC.CPU 



IORST Clears all busy and done flags, 

disables interrupts. 

Enables or disables device 
interrupts by clearing or setting the 
interrupt disable flag in the device. 
The interrupt disable flag of each 
device is associated with a 
specific data iine, and is set if its 
mask bit is 1, cleared if 0*. 

Reads device code of highest 
priority device that is requesting 
an interrupt. The 6-bit code is 
loaded into ACC bits 10-15. All 16 
bits are set to of no device is 
interrupting. 



INTA.ACC.CPU 



Table 2 F9470 I/O Service instructions 
















•NOTE: 

Interrupt Disable Bits 


10 11 


12 13 


14 




Instruction 


Description 








IB Bits 8 9 


15 


DlAx ACC.DEV 


Data In from A 












DOAx ACCDEV 


Data Out from A 


Mnemonics 


PTR 


PTP 


TTI 


TTO 


NlOx DEV 


No I/O; Used to Start or 


Function 


CH2 


CH2 


CH1 


CH1 




Clear a Device 


In 


Out 


In 


Out 


SKPBN DEV* 


Skip if Busy = 1 












SKPBZ DEV* 


Skip if Busy = 












SKPDN DEV 


Skip if Done = 1 












SKPDZ DEV 


Skip if Done = 













NOTES: 

If x = S (start), set busy flag, clear done. 
If x = C (clear), clear busy flag, set done 
ACC = Accumulator 0, 1, 2, or 3. 
DEV = Device Codes = 10, 11, 12, 13 

* Note that Busy is not defined for input devices (TTI and PTR); hence, 
SKPBN and SKPBZ should not be used with these devices. 
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The F9470 responds to device codes 10, 11, 12, 13, and 
77, which are octal codes of the six least significant 
instruction bits: 



Device Code 



Mnemonic 



Description 



Action 



10 
11 
12 
13 
77 



TTI 


Teletype In 


Input on Channel 1 


TTO 


Teletype Out 


Output on Channel 1 


PTR 


Paper Tape Reader 


Input on Channel 2 


PTP 


Paper Tape Punch 


Output on Channel 2 


CPU 


CPU 





Serial I/O 

The F9470 has two asynchronous serial input/output 
ports. Each port can select 110, 300, 1200, 1800, 2400, or 
4800 baud. The initial carriage return after power-up or 
after typing the S command allows the software to 
define the first baud rate. The second rate is 
programmed according to the mnemonic keystroke next 
entered (see figure 2 for valid rates). The second baud 
rate must be less than or equal to the rate of the first 
one. 



Figure 2 Serial I/O Port Baud Rate Selections 
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DC Characteristics 

The dc characteristics of the console controller are 
provided in table 4. 

Table 4 Console Controller DC Characteristics 
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Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 




'cc 


Power Supply Current 




100 


mA 


Outputs Open 


P D 


Power Dissipation 




550.0 


mW 


Outputs Open 


V IHEX 


External Clock Input HIGH Voltage 


2.4 


5.8 


V 




V ILHEX 


External Clock Input LOW Voltage 


-0.3 


0.6 


V 




'hex 


External Clock Input HIGH Current 




100 


mA 


V,hex = 2-4 V 


'ilex 


External Clock Input LOW Current 




-100.0 


mA 


V,lex = 0.6 V 


V,H 


Input HIGH Voltage 


2.0 


5.8 


V 




V, L 


Input LOW Voltage 


-0.3 


0.8 


V 




'lH 


Input HIGH Current (except open 
drain and direct drive I/O ports) 




100 


mA 


V| H = 2.4 V, internal pull-up 


'lL 


Input LOW Current (except open 
drain and direct drive ports) 




-1.6 


mA 


V IL = 0.4 V 
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V OH = 13.2 V 


'oh 


Output HIGH Current (except open 
drain and direct drive ports) 


-100 




mA 


V 0H = 2.4 V 


'OHDD 


Output Drive Current (direct drive ports) 


-1.5 


-8.0 


mA 


V 0H = 0.7 V to 1.5 V 




'OL 


Output LOW Current 


1.8 




mA 


V«. = 0.4 V 

UL -■ ■ ■ 




'OHS 


Output HIGH Current (STROBE Output) 


-300 




mA 


V 0H = 2.4 V 


'OLS 


Output LOW Current (STROBE Output) 


5.0 




mA 


V 0L = 0.4 V 



(T A = 0°C to 70 °C, V cc = 5 V ± 10%, I/O Power Dissipation = 100 mW) 



F9470 



Absolute Maximum Ratings 

These are stress ratings only, and functional operation 
at these ratings, or under any conditions above those 
indicated in this document, is not implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may 
cause permanent damage to the device. 



Temperature (ambient) under bias 
F9470DC 
F9470DM 



Ordering Information 


Part 
Number 


Package 


Temperature 
Range* 


F9470DC 
F9470DL 
F9470DM 


Ceramic 
Ceramic 
Ceramic 


C 
L 
M 



0°C, +70°C 
-55°C, +125°C 



"C = Commercial Temperature Range 0°C to +70°C 
L = Limited Temperature Range -40°C to +85°C 
M = Military Temperature Range -55°Cto +125°C 



Storage temperature 

Voltage on all open drain pins 

Voltage on all other pins, with 
respect to ground 

Power dissipation 



55 °C, +150°C 
-1.0 V, + 13.2 V 

-1.0 V, +7.0V 
1.5W 



Fairchild cannot assume responsibility for use of any circuitry described 
other than circuitry embodied in a Fairchild product. No other circuit 
patent licenses are implied. 



Manufactured under one of the following U.S. Patents: 2981877, 3015048, 
3064167, 3108359, 3117260; other patents pending. 
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FS-I 

Fairchild System-I 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild System-I (FS-I) is a versatile, multi-user 
development system designed to support software 

HpvoloDfTiont anrl hprHyi/aro nrntntvninp fr\r or>r\li/>o + i/-vno 

using Fairchild microprocessors, including the F8, 
F3870, F6800, F6809, F9445, F16000, and such upcoming 
microprocessors as the F9450. 

Three principal versions of the FS-I are available: The 
FS-I Standard System, the FS-I Multi-User System, and 
the FS-I Entry-Level System. Numerous software and 
hardware options are available that operate under 
Fairchild's Interactive Multi-User Disk Operating System 
(IMDOS). The FS-i also supports the in-circuit emulation 
and tracing (EMUTRAC™) system for the F3870, the 
F6800, F6809, and the F9445 microprocessors. (For a 
description of the EMUTRAC system, see EMUTRAC 
Advance Product Information.) 



Standard System 

System features include: 



GPU with 128K-Byte RAM and F9445 instruction Set. 

A Winchester and a Double-Density Floppy Drive 

Provide Approximately 10M-Byte of Mass Storage. 

I/O Controller Board Provides Winchester/Floppy Disk 

Controller Interface. 

Nine Asynchronous Serial RS-232C Ports (Up to 19.2K 

Baud) Provide Support for CRT Terminal, Optional 

Letter-Quality Printer, Modem, and Other Serial 

Devices. 

One Synchronous Serial RS-232C Port (Up to 19.2K 

Baud) and Selectable Protocols, such as BISYNC, 

DDCMP, SDLC, and HDLC. 

PROM Programmer Port to Interface to the Optional 

Fairchild PROM Programmer Unit. 

Parallel Printer Port (Centronics-Compatible 

Interface). 

Programmable Real-Time Clock. 

One CRT Terminal. 

Single-User Version of IMDOS, System Processors, 

and System Utility Programs (see "System 

Software"). 

BASIC Language Interpreter with Interface to Custom 

F9445 Assembly Language Programs. 

FS-I Diagnostic Programs. 

Provides Full Support for the F9445 and for the 

PEP 45 Microcomputer System. 

Hardware and Software Upgradable to Multi-User 

System. 

EMUTRAC Can Be Added to the Standard System. 



Multi-User System 

System features include: 

• Fully Equipped for Four Timesharing Users 
(Expandable to Eight Simultaneous Users with 
Additional Terminals and Cables). 

• A 16-Bit CPU with 128K-Byte RAM and F9445 
Instruction Set. 

• A Winchester and a Double-Density Floppy Drive 
Provide Approximately 10M-Byte of Mass Storage. 

• Memory Management and Protection Unit (MMPU) 
Board with 384K Bytes of RAM (Gives the System 
51 2K Words of RAM). 

• I/O Controller Board Provides Winchester/Floppy Disk 
Controller interface. 

• Nine Asynchronous Serial RS-232C Ports (Up to 19.2K 
Baud) Provide Support for CRT Terminals, Optional 
Letter-Quality Printer, Modem, and Other Serial 
Devices. 

• One Synchronous Serial RS-232C Port (Up to 19.2K 
Baud) and Selectable Protocols, such as BISYNC, 
DDCMP, SDLC, and HDLC. 

• PROM Programmer Port to Interface to the Optional 
Fairchild PROM Programmer Unit. 

• Parallel Printer Port (Centronics-Compatible 
Interface). 

• Programmable Real-Time Clock. 

• Four CRT Terminals. 

• Multi-User Version of IMDOS, System Processors, 
and System Utility Programs (see "System 
Software"). 

• BASIC Language Interpreter with Interface to Custom 
F9445 Assembly Language Programs. 

• FS-I Diagnostic Programs. 

• Provides Full Support for the F9445 and for the PEP 
45 Microcomputer System. 

• EMUTRAC Can Easily Be Added to the Multi-User 
System. 

Entry-Level System 

System features include: 

• A 16-Bit CPU with 128K-Byte RAM and F9445 
Instruction Set. 

• Two Double-Density Floppy Disk Drives Provide 
Approximately 1M-Byte of Mass Storage. 

• I/O Controller Board Provides Floppy Disk Controller 
Interface. 

• Nine Asynchronous Serial RS-232C Ports (Up to 19.2K 
Baud) Provide Support for CRT Terminal, Optional 
Letter-Quality Printer, Modem, and Other Serial 
Devices. 



™ EMUTRAC is a trademark of Fairchild Camera and Instrument Corp. 
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• One Synchronous Serial RS-232C Port (Up to 19.2K 
Baud) and Selectable Protocols, such as BISYNC, 
DDCMP, SDLC, and HDLC. 

• PROM Programmer Port to Interface to the Optional 
Fairchild PROM Programmer Unit. 

• Parallel Printer Port (Centronics-Compatible 
Interface). 

• Programmable Real-Time Clock. 

• One CRT Terminal. 

• Single-User Version of IMDOS, System Processors, 
and System Utility Programs (see "System 
Software"). 

• BASIC Language Interpreter with Interface to Custom 
F9445 Assembly Language Programs. 

• FS-I Diagnostic Programs. 

• Full Support for the F9445 and for the PEP 45 
Microcomputer System. 

• Hardware and Software Factory-Upgradeable to 
Standard or Multi-User System. 

• EMUTRAC and MMPU Can Be Added to System. 

System Hardware 

The hardware comprising the FS-I development system is 
housed in a single enclosure that contains the 
mainframe CPU, I/O board, optional boards, and disk 
drives. 

The mainframe consists of: 

• Single-Board 16-Bit CPU with 128K Bytes of RAM, 
4K-Byte PEPBUG45 PROMs for Bootstrapping the 
System, Real-Time Clock, an RS-232C-Compatible 
Port, and a Centronics-Parallel Compatible Port. 

• Power Supplies. 

• I/O Controller Board with the Following: 

• Eight Asynchronous Serial RS-232C Ports, with 
Four Ports Having Full Modem Control and All 
Ports Having Data Rate Selectable Up to 19.2K 
Baud, that Allow Timesharing by Up to Eight 
Concurrent Users on Systems Equipped with 
MMPU Board and Multi-User Operating System 
Software. 

• One Synchronous Serial RS-232C Port (Up to 
19.2K Baud) and Selectable Protocols, such as 
BISYNC, DDCMP, SDLC, and HDLC. 

• A Parallel Data Channel Interface Compatible with 
Shugart Associates System Interface for 
Communicating with Disk Units. 

• 8-Bit Parallel Port to Interface with Optional 
Fairchild PROM Programmer. 

• A Total of Nine Asynchronous Serial Ports (RS-232C- 
Compatible, DB25-Pin Female Connectors). 

• One Parallel Printer Port (Centronics-Compatible 
Interface, DB25-Pin Connector). 



• Expansion Slots for Fairchild's Optional I/O 
Controller Boards, Optional EMUTRAC Controller 
Board, Memory Expansion Boards, MMPU Board, and 
Industry-Standard, Nova® l/O-Compatible Interface 
Boards. 

• Depending Upon System Configuration, the 
Mainframe Contains a Single 10M-Byte Winchester 
and a Single 0.5M-Byte Double-Density Floppy Disk 
Drive or Two 0.5M-Byte Double-Density Floppy Disk 
Drives. 

The MMPU board expands the physical address space of 
the FS-I to 4M words by performing logical-to-physical 
address translation. This board is required for multi-user 
system software. With its 384K bytes of RAM, the MMPU 
board extends the FS-I memory to 256K words. 

Hardware Options 

The FS-I systems support the following Fairchild- 
supplied hardware options: 

• Additional I/O Controller Boards that Provide 
Asynchronous RS-232C Ports (Up to 19.2K Baud) in 
Sets of Eight, a Synchronous RS-232C Port for each 
I/O Controller Board, Data Channel Interface to Disk 
Units, and a PROM Programmer Port for each I/O 
Controller Board. 

• Fairchild's PROM Programmer Unit. 

• MMPU Board that Provides Memory Mapping and 
Protection Expansion in Increments of 384K Bytes, 
Optional Multi-User Software Allows the MMPU Board 
to Support Eight Simultaneous Users. 

• Memory Expansion Board that Provides 384K Bytes 
of Additional RAM (Requires an MMPU Board in the 
Chassis). 

• EMUTRAC System Controller Board that Provides the 
Hardware Interface Between the CPU Board in the 
FS-I and Processor-Specific EMUTRAC Modules. 

• EMUTRAC Modules and EMUTRAC Control Software 
that Support the F3870, the F6800, the F6809, and the 
F9445 Microprocessors. 

• Additional CRT Terminals. 

• Dot Matrix Printer— Texas Instruments Model 810 
Basic RO Terminal (150 CPS), Centronics Parallel 
Interface, and Cable. 

• Daisywheel Letter-Quality Printer— Qume Model 
Sprint 9145 with Bidirectional Forms Tractor (45 CPS), 
Serial Interface, and Cable. 



Nova is a registered trademark of Data General Corp. 
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This powerful software package, which is included with 
the standard, multi-user, and entry-level systems, offers 
advanced capabilities that the user would normally 
expect from a much larger system, such as: 

• Multi-User Timesharing 

• System Executive, Including File Management 
System with Version Numbers for Automatic Backup 

• Memory Management and Protection by Memory 
Mapping 

• Password Protection 

• Interactive Command Language and Command Files 

• Multiple Directory Devices 

• Device-Independent I/O 

• Hard Disk, Magnetic Tape, Modem, and Real-Time 
Clock Support 

• Documentation Aids 

• Concurrent Processing and Spooling 

System Software 

The interactive multi-user disk operating system (IMDOS) 
is the principal operating system for the FS-I. In addition 
to being an operating system, the IMDOS includes the 
following features that are useful for developing 
F9445-based systems: 



PEPBUG45 



PEPLINK45 



Utility Library 



PHON 



IMDOS 



iMDUb 



IMDOS 



EDIT 



Single-User Supervisor— The 
supervisor manages the FS-I 
resources and controls the I/O. 

Muiti-User Supervisor— The supervisor 
manages the FS-I resources for up to 
eight simultaneous users, controls 
the I/O, and interfaces transparently 
to the MMPU board (included only 
with the multi-user system). 

Executive— The executive provides 
the command language interface 
between the user and the supervisor. 

The EDIT program provides the ability 
to create and modify text files. 



SCRIPT 



TYPESET 



DEBUG 



DIAGNOSTICS 



BASIC 



The PEPBUG45 program is a virtual 
console and debugging tool for F9445 
absolute assembly language 
programs. The PEPBUG45 program is 
also available in PROM, 

Provides capability to download 
programs from the FS-I to PROM or 
RAM on the PEP 45 microcomputer 
system. 

Implements the utility functions listed 
in the IMDOS and utility library users 
guides. 

The PHONE program establishes 
communication between the FS-I and 
a modem or telephone line. Software 
switches govern communication 
protocols. 

The SCRIPT program processes a text 
file that contains SCRIPT commands 

+ r\ nrnrli ir*a on qpothot if>o I lw nloqcinn 

L W piuVJUUC Cll l uCoiilVUOUii) f/i«jQOniy 

document. 

The TYPESET program processes a 
text file that contains TYPESET 
commands to produce an 
aesthetically pleasing document. 

The DEBUG program is a debugger 
for F9445 macro assembly language 
programs. 

A series of programs that test the 
FS-I hardware. The diagnostic 
programs are available on diskette in 
a version suitable for downloading to 
an F9445-based system. 

Language interpreter with interface to 
custom F9445 assembly language 
programs. 



MACRO 



The MACRO program is the 
macroassembler for F9445 r 
assembly language. 



iacrc 



RELOAD 



The RELOAD program is used to link 
relocatable macro assembly language 
programs to create executable F9445 
absolute assembly language 
programs. 



FS-I 



Software Options 

F9445 
MICROFORTRAN 



F9445 REX 



F9445 PASCAL 



FS-I/PEP 38 
System Software 



FS-I/PEP 68 
System Software 



F1 6000 Cross 
Software 



An extended subset of FORTRAN66 
that interfaces with custom F9445 
assembly language subroutines. 
MICROFORTRAN produces 
"ROMable" F9445 code and can be 
operated under the real-time 
executive (REX). 

A Jensen and Wirth-compatible 
PASCAL. The F9445 PASCAL 
compiler generates F9445 code and 
interfaces with custom F9445 
assembly language subroutines. 

Includes F8/F3870 cross assembler 
and program for downloading to the 
PEP 38 system. 

Includes F6800 cross assembler, 
F6809 cross assembler, F6800-to- 
F6809 translator program, and 
program for downloading to the PEP 
68 system. 

Assembler, debugger, and 
downloader allow the FS-I to 
generate 16000 code that can be 
downloaded to an F16000-based 
system. 



F9445 PEPBASIC 



A real-time executive for 
F9445-based systems. The REX 
system allows creation of custom 
REX programs, linkable using 
RELOAD. 

A diskette version of PEPBASIC 
(supplied on PROM with the PEP 45 
system). A 2K-word subset of BASIC, 
which accepts abbreviations, that is 
extendable with custom F9445 
assembly language subroutines. 

Optional EMUTRAC control software 
packages provide support for each 
processor-specific EMUTRAC 
module. (Refer to EMUTRAC 
Advance Product Information.) 



In addition, all Fairchild software for the FS-I is 
independently available without system purchase under 
an appropriate software license agreement. 

Dimensions and Power Requirements 

The FS-I standard mainframe enclosure measures only 
26 inches long by 19 inches wide by 13 inches high. It 
requires a 115 V, 60 Hz ac power source. A 50 Hz system 
is also available. 



EMUTRAC Control 
Software 



Fairchild cannot assume responsibility for use of any circuitry described 
other than circuitry embodied in a Fairchild product. No other circuit 
patent licenses are implied, 
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3064167, 3108359, 3117260; other patents pending. 
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Advance Product Information 



PEP-45 

Prototyping, Evaluation and 

Programming Board 



Microprocessor Product 



Description 

The Fairchild PEP-45 is a single-board microcomputer for 
Prototyping, Evaluation, and Programming of microproces- 
sor-based system applications using the F9445 micro- 
processor. When used with the Fairchild System-I (FS-I) 
development system, the PEP-45 board provides capability 
for executing and debugging software directly on the F9445 
microprocessor. 

• Stand-alone Prototyping, Evaluation, and Programming 
Board. 

• Provides a Powerful Development Tool to Support F9445 
Microprocessor-based System Development. 

• Utilizes All the Advantages of the F9445 Microprocessor, 
with its Powerful instruction Set and High Throughput. 

• Memory Options for Bipolar and NMOS Memories. 

• Interfaces with IEEE 796 Standard Bus. 

• Buffered F9445 bus. 

• On-board EPROM Programmer. 

• Adapts to 16K or 32K Byte EPROMs or 64K Byte Masked 
ROMs. 

• Standard- and High-Speed RAM Options. 

• Console Commands. 

• Two Serial I/O Ports. 

• 16-Bit Parallel Input/Output. 

• Four Interrupt Sources. 

• Five Status Lines. 

• On-board +12 V and +25 V Voltage Converter. 

• Requires Single +5 V Power Supply. 

The PEP-45 board is primarily intended for use in hardware 
prototyping and software development applications. It may 
also be tied to a host computer, such as the FS-I, for large 
program editing, assembling/compiling, and general file 
storage and handling. Cross-assembler software packages 
are available for creating machine-executable programs in 
formatted form. These programs may be down-loaded from 
the host computer system into the PEP-45 board via one of 
the two serial I/O channels. Since the PEP-45 board can 
operate in a transparent fashion, it may be placed in-line 
between the user's in-house terminal and the host compu- 
ter, giving the PEP-45 the power of the host. 

Also useful for incoming inspector of F9445 parts and as a 
microcomputer training tool, the PEP-45 interacts with the 
user at the control terminal, with prompts that assist pro- 
gramming. The control terminal may be a video terminal, 
printer terminal, or from a microcomputer control console. 



Software Support 

In addition to serving as an efficient stand-alone evaluation 
module, the PEP-45 is designed to operate as a key module 
of the FS-I development system. A PEPLINK utility transpar- 
ently couples the FS-I video terminal to the PEP-45 board. 

A powerful PROM-based PEPBUG debugging monitor pro- 
vides commands for trouble-shooting assembly language 
programs and for developing and testing peripheral circuits 
and custom interfaces. A PROM-based PEPBASIC language 
allows programming in a high-level language. 

Hardware Specifications 



CPU 


F9445 


Data word size 


16 bits 


Instruction word size 


16 bits 


Address capability 


128K bytes 


Console controller 


F9470 


Memory 

RAM 


8K bvtes (4 



ROM 



Expansion 



Input/Output 

Parallel I/O 

Serial I/O 



Real-Time Clock 



(or optional high-speed RAM) 

Eight sockets for 16K bytes of 
F2716 EPROMs (8K words), or up 
to 32K bytes using F2732 EPROMs 
(16K words), or masked 64K byte 
ROMs using F3564 

External memory in any combina- 
tion of RAM or ROM up to 64K 
bytes maximum (in 16-bit-wide 
only) 



Two TTL-compatible, 16-bit I/O 
ports (one input, one output) 

Two programmable, asynchronous 
channels, with RS-232 interfaces. 
Each channel is software-select- 
able to a baud rate of 110, 300, 
1200, 1800, 2400, or 4800 baud 

Continuously selectable real-time 
clock interrupts from approxi- 
mately 200 fxs to 200 ms 



Fairchild Camera and Instrument Corporation, Microprocessor Division 
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System Buses 

Dual backplane buses 



I/O buses 



Connectors 



PI — An 86-pin asynchronous sys- 
tem bus compatible with standard 
Multibus 16-bit slave boards and 
multi-master option 

P2— A 60-pin buffered F9445 bus 
that allows complete expansion of 
processor capabilities and faster 
operating speeds 

J1 — A 9-pin RS-232C serial I/O 
interface for control terminal 

J2— A 9-pin RS-232C second 
serial I/O interface for a serial 
printer or a host computer 

P3— A 40-pin applications con- 
nector with two parallel I/O ports 
(one input and one output), and 
with status and control bits. May 
be used for connection to the 
microcomputer control console or 
to a high-speed parallel printer 
(Centronics-type) 

P1 — An 86-contact, double-sided 
edge connector on 0.156" centers 

P2— A 60-contact, double-sided 
edge connector on 0.100" centers 

J1, J2— 9-pin, D-type subminia- 
ture right-angle connectors 

P3— A 40-pin, D-type subminia- 
ture right-angle connector 



Power Supply 
Requirements 1 

Environmental 
Requirements 

Temperature 

Humidity 

Physical Envelope 
Dimensions 2 

Height 

Length 

Thickness 

Weight 



+5V ±5%at3.5A(typ) 



0°C to +50°C 

0% to 90% (noncondensing) 



10.0 (254) 

12.0 (305) 

0.75 (19.05) 

17 oz. (approximately) 



Notes 

1. Power may be applied to the board either through the card-edge back- 
plane connector or by connection of discrete wires to the board. 

2. All dimensions are in inches and millimeters (in parentheses). 

Fairchild cannot assume responsibility for use of any cir- 
cuitry described other than circuitry embodied in a Fairchild 
product. 

Fairchild reserves the right to make changes in the circuitry 
or specifications at any time without notice. 



Ordering Data 



Part Number 


Product Code 


Description 


PEP 9445SFX 


A F944516PEP 


PEP-45 Board with 8K byte PROM sockets populated with PEPBASIC 
and PEPBUG firmware. Firmware carries copywriter notice. Minimum of 
four PROM sockets will not be populated. 

PEP-45 Users Guide, PEPBASIC, and PEPBUG Users Guide supplied. 


PEP 9445SXX 


A F944516PEP 


PEP-45 Board with 8K byte static MOS and eight PROM sockets not 
populated. 

PEP-45 Users Guide supplied. No firmware included. 


PEP 9445HXX 


A F944520PEP 


PEP 9445 Board with 8K byte high speed RAM and PROM sockets not 
populated. 

PEP-45 Users Manuai supplied. No firmware or users guides included. 



Fairchild cannot assume responsibility for use of any circuitry described 
other than circuitry embodied in a Fairchild product. No other circuit 
patent licenses are implied. 



Manufactured under one of the following U.S. Patents: 2981877, 3015048, 
3064167, 3108359, 3117260; other patents pending. 



